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INTRODUCTION 
The growth-promoting effect of copper has been confirmed by many 
workers in many different countries. The source of copper used in the 
early work was copper sulfate although other copper compounds bave been 
found to be as effective as copper sulfate for improving gain. Buescher 
et al. (1961) reported that the availabilities of copper in the form of 
sulfate, carbonate, or oxide were quite similar which would suggest that 
other copper compounds are also effective in improving gain. 
The results of many experiments conducted in England have indicated 
that increased levels of copper in the diet will alter the relative 
numbers of intestinal microflora. These workers feel that this action is 
similar to that of an antibiotic and approximately 90 percent of the pigs 
in England today are fed diets supplemented with 250 ppm copper instead 
of an antibiotic. 
The purpose of the work reported here was to determine if the effect 
from copper supplementation was enteric or systemic. The criteria 
measured to determine if the effect was enteric were the oxidative 
enzymes, ceruloplasmin and cytochrome oxidase. Other criteria used were 
gain, feed conversion, hemoglobin, hematocrit, and the build up of copper 
in the liver. A copper methionine chelate was also used to determine if 
there was less build up of copper in the liver of pigs when the copper 
was fed in a chelated form than when copper sulfate was used. 
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REVIEW OF LITERATURE 
Copper Supplementation 
Historical 
About the same time that copper was shown to be a required mineral 
for animals by Hart et al, (1928), the use of copper sulfate as a feed 
additive was reported by Eward (1928), who supplemented rat diets with 
50 and 300 ppm copper. Supplementing with either level improved feed 
efficiency and rate of gain, however, 300 ppm gave the highest rate of 
gain and the lowest requirement of feed per unit of gain. These same 
workers reported that gilts receiving 110 milligrams of copper per day, 
in addition to the dietary copper, gained 3.7 percent more than gilts 
receiving no supplemental copper. 
Dietary levels of copper, in excess of that amount required by the 
animal, were considered by many to be toxic, although Cunningham (1931) 
using cheese as the protein source, found no detrimental effect from 
t 
supplementing rat diets with 7.5 milligrams copper per animal per day. 
In contrast to this, Waddell et al. (1931) fed four levels of copper to 
rats (0.25, 1.00, 4.00 or 16.00 milligrams per day), using whole milk as 
the only food source, and only those animals receiving less than 4.00 
milligrams per day survived with normal growth and reproduction. All the 
animals receiving 16.0 milligrams per day and all but one receiving 4.0 
milligrams per day died. 
Braude (1945) added 25 or 50 milligrams of copper sulfate per animal 
per day to the diets of fattening pigs and these levels of copper sulfate 
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added to normal diets, containing 5 ppm copper, did not improve either 
gain or feed conversion. 
In 1947, Carpenter fed diets containing 45 ppm copper as copper 
sulfate to pigs weighing 70 pounds for a 70-day experimental period. The 
pigs fed the copper sulfate supplemented ration gained 102 pounds compared 
to 86 pounds for the pigs fed the basal ration. No differences were found 
in blood copper concentration or hemoglobin levels between the groups of 
pigs on these treatments. Since the supplemented diet contained adequate 
copper for optimum growth, these differences were attributed to an effect 
on the intestinal microflora. Carpenter (1948) suggested that dietary 
copper may influence the microflora of swine intestines by decreasing the 
number of anaerobic and/or facultative organisms. 
Much of the recent interest in copper supplementation was brought 
about by the observation of Mitchell (1953) that nursing pigs had a 
particular craving for copper; the pigs were observed chewing on the copper 
rings in the pens. To study the effects of copper supplementation, Mitchell 
(1953) used six litters of pigs fed two diets, free choice; basal and basal 
plus 25 grams CuSO^.SHgO/lOO lb. of ration. The position of the feeders 
containing the two diets was moved at regular intervals. The results of 
this experiment indicate that the pigs found the high copper meal more 
palatable than the basal diet. Barber et al. (1955b) did not substantiate 
the results of Mitchell (1953) when they reported no increase in feed 
consumption or improvement in gain due to copper supplementation when 25 
grams of CuSO^'SHgO was added to 100 lb. of a basal ration. 
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Levels of copper supplementation 
Lucas and Calder (1957a) fed five levels of copper sulfate (0, 
0.012, 0.025, 0.1 and 0.2 percent of total diet) to pigs and found that 
0.2 percent copper sulfate resulted in the fastest rate of gain and least 
feed required per pound of gain up to 100 lb. body weight. 
A mineral mixture containing four percent copper sulfate was added 
to a growing-finishing diet by Barber et al. (1955a) which provided 
copper sulfate at approximately 0.1 percent of the total diet. The pigs 
were full-fed, individually, two times each day. During the first eight 
weeks of the experiment the pigs receiving copper supplementation showed 
a trend toward improved gain but no improvement in feed conversion. A 
cooperative experiment, coordinated by Bowler et al. (1955), was conducted 
at eight experiment stations to evaluate copper sulfate as a feed additive. 
The results of this experiment, involving 282 pigs fed 0.0 or 0.1 percent 
added copper sulfate, showed improved gain (1.40 and 1.48 lb.) and feed 
conversion (3.62 and 3.53 lb.), respectively, for control and treated 
animals. Milosavljevic and Sovljanski (1959) also reported an improvement 
in gain and feed conversion from the addition of copper sulfate to pig 
diets at a level of 0.1 percent. Contradictory results were reported by 
Bass et al. (1956) who conducted two trials using five levels of copper 
supplementation. In the first trial the addition of 250 ppm copper to the 
basal diet depressed gain and feed conversion and apparently caused the 
death of one pig. In the second trial addition of 0, 100, 150, and 300 
ppm of copper resulted in average daily gain and feed conversion of 1.54, 
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3.29; 1.70, 3.51; 1.61, 3.22; and 1.52, 3.26, respectively. With the 
exception of the 300 ppm level of copper there was an improvement in 
gain but not in feed conversion. 
Damiers and van der Grift (1959) added three levels of copper sulfate 
(0.05, 0.075 and 0.1 percent of total ration) to diets of growing-finishing 
pigs and reported that 0.075 and 0.1 percent improved both gain and feed 
conversion. These results are similar to those of Stolk and Frens (1959) 
who found no improvement in gain when 0.05 percent copper sulfate was 
added to pig diets. Milosavljevic et al. (1960) found that the addition 
of 0.1 percent copper sulfate to pig diets gave better results than the 
addition of 0.5 percent. 
Hawbaker et al. (1961) suggested that the addition of 0.1 percent 
copper sulfate was the optimum level for rapid growth and improved feed 
conversion. 
Pagan (1960) found that the addition of 0.1 percent copper sulfate 
to either liquid milk, or a dry ration, resulted in improved gains during 
the growing-finishing period and further reported, Pagan et al. (1961), 
that 0.1 percent copper sulfate gave a greater improvement in gain than 
0.5 percent. Barber et al. (1960) reported that the addition of 0.1 
percent copper sulfate to a basal diet of liquid skim milk improved the 
growth rate and feed conversion of pigs. 
Lucas et al. (1961b), in two separate experiments, studied the effects 
of copper supplements on the performance of early weaned pigs up to 45 lb. 
live weight. Copper sulfate included as 0.1 percent of the diet had no 
apparent adverse effect on the pigs, even when supplementation was started 
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immediately after weaning at nearly 8 lb. live weight, but did improve 
rate of gain by 6 and 12 percent and feed conversion by 5 and 6 percent 
in the two experiments, respectively. The period immediately after 
weaning, during which there is usually reduced growth in pigs, was 
shortened. 
Source of copper 
Much of the early work with copper supplementation was done with 
copper sulfate as the source of copper, however, recently there has been 
work done comparing different sources of copper, both from a compound and 
purity standpoint. 
Lucas et al. (1961a) conducted two experiments in which four levels 
(16, 62, 125 and 250 ppm of copper) of copper sulfate in two forms, a 
commercial grade and a microanalytical reagent grade, were used. Thé 
purity of the copper sulfate did not affect rate of growth, feed conversion 
or carcass measurements of pigs. In the first experiment, pigs receiving 
125 or 250 ppm copper in the diet grew four or nine percent faster, 
respectively, and had better feed conversions than those receiving 16 or 
62 ppm copper. In the second experiment, pigs receiving 62, 125, 250 ppm 
copper grew four to five percent faster and had one to five percent better 
feed conversions than those receiving 16 ppm, but the difference in feed 
conversion was not significant. The most consistent improvement in gain 
and feed conversion occurred with supplementation of copper sulfate at 
0.1 percent (250 ppm copper). 
In 1960 and 1961, Barber et al. supplemented pig diets with two levels 
of copper sulfide (250 or 62.5 ppm copper), or one level of copper sulfate 
(250 ppm copper), and reported that the addition of copper sulfate 
significantly increased growth rate 12.9 percent, rate of feed consumption 
8.8, dressing percentage 1.9 percent, and decreased carcass length by 2.2 
percent. 
Bunch et al. (1961) reported that the addition of three levels of 
copper oxide (125, 250 and 375 ppm copper) and one level of copper sulfate 
(250 ppm copper) to pig diets significantly improved feed conversion and 
rate of gain. The copper sulfate significantly lowered the blood hemoglobin 
concentration. 
Mode of action of copper 
Barber et al. (1955c) fed growing pigs a mineral mixture, which 
added 0.1 percent copper sulfate to a complete pig ration, and chlortetra-
cycline (9 grams/ton) either alone or in combination, and a fourth treatment 
of 0.1 percent copper sulfate. All of these treatments improved gain over 
the basal ration. They believed that the action of antibiotic and copper 
sulfate was the same since the response from a combination of the two was 
not additive or synergistic. Bellis (1961) reported the same magnitude of 
response from the addition of 14.4 ppm chlortetracycline or copper sulfate 
(125 or 250 ppm copper) to pig diets, but there was no additive effect when 
chlortetracycline was added to 250 ppm of copper. In contrast Braude (i960) 
reported some additive effect when a combination of antibiotic and copper 
was fed to pigs. Bunch et al. (1961) reported that the addition of copper 
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oxide (250 ppm copper), copper sulfate (250 ppm copper), or chlortetra­
cycline (50 milligrams/lb.) to pig diets significantly improved gain. 
These workers also reported that the three treatments altered the fecal 
flora numbers. Stolk and Frens (1959) reported that copper sulfate 
reduced intestinal flora, but Hawbaker et al. (1961) reported that 0.1 
percent copper sulfate increased the fecal molds and yeasts, lactobacilli, 
total aerobes, total anaerobes and streptococci. Fuller et al. (1960) 
found that pigs fed diets containing copper sulfate had lower numbers 
of streptococci than pigs fed a control diet. These differences were 
found to be as much as from 10® for controls to 10^ for the pigs 
receiving copper supplementation. 
Further studies with antibiotics and copper supplements for fattening 
pigs were conducted by Barber et al. (1957) who reported that the improved 
gain of pigs fed a ration containing either chlortetracycline or oxytetra-
cycline was comparable to those pigs fed a ration containing 0.1 percent 
copper sulfate. A comprehensive study was reported by Lucas and Calder 
(1957b) in which four experiments were conducted to study the effect of 
copper and antibiotic supplementation. In the first experiment, during 
the growing period only, pigs fed diets supplemented with copper sulfate, 
procaine penicillin or the combination grew 9, 3 and 22 percent faster, 
respectively, than the controls, but for the entire experimental period 
the improvement in gains over the basal ration was 2, minus 1 and 4 
percent, respectively, for copper sulfate, procaine penicillin and the 
combination. In the second experiment the improvement in the gains for 
copper sulfate, procaine penicillin and the combination over the basal 
ration was 8, 0 and 9 percent during the growing period, 5, 3 and 8 
percent during the finishing period and 4, 0 and 9 percent during the 
entire experimental period, respectively. In the third and fourth 
experiments chlortetracycline was added to a ration which already 
contained 0.1 percent copper sulfate. The addition of chlortetracycline 
improved gain and feed conversion eight and four percent, respectively, 
in the third experiment and five and four percent, respectively, in the 
fourth experiment. They suggested that the combination of an antibiotic 
and copper sulfate is additive, and there may also be synergistic action. 
Lucas et al. (1961b) in a 2 by 2 factorial experiment using 0.1 
percent copper sulfate and chlortetracycline reported an additive effect 
when the two were fed simultaneously. 
Hawbaker et al. (1959) demonstrated that the copper radical and 
not the sulfate radical was responsible for the increased rate of gaiii 
in pigs. Bowland et al. (1961) suggested that the improvement in weight 
gains of pigs fed diets which had been supplemented with high levels of 
copper appeared to be related to the amount of soluble copper in the gut, 
but from their results it was not apparent whether the site of action 
was systemic, enteric or both. 
Schurch (1956) suggested that the effect of 230 ppm copper added to 
pig rations, which increased gain and improved feed utilization, may have 
been due to the protective action of the copper against infection, 
Ozawa et al. (1962) present results of experiments in which they 
placed live lung worms in solutions containing various compounds to 
check the anthelmintic activities. Three of the compounds tested were 
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copper sulfate, copper methionine and copper glutamate, which were 
used at equal concentrations, and found to be equally effective in 
killing the lung worms. 
Holmberg and Laurel1 (1947) investigated copper compounds in serum 
and found that at least 90 percent, if not all of the serum copper, is 
found in the globulin fraction. In 1948, Holmberg and Laurel1 measured 
the copper content of the serum copper protein, ceruloplasmin, in pigs 
and found it to be about 0.33 percent. In 1951, Holmberg and Laurel1 
presented data which indicated that ceruloplasmin is a true oxidase 
and contains copper as its active group. 
Wintrobe et al. (1953) found that the greatest proportion of plasma 
copper is in the form of copper protein corresponding to an alpha-globulin. 
Gubler and associates (1953) state that approximately 96, 99, 88 and 58 
percent of the copper normally present in human, rat, dog and pig plasma, 
respectively, is found in the ceruloplasmin. The present view is that 
90 to 95 percent of serum copper is tightly bound in ceruloplasmin, 
Shields et al. (1960). 
Johnson and associates (1959) administered testosterone propionate 
and estradiol benzoate to healthy, elderly men and postmenopausal women, 
which significantly increased the serum copper content. Eight weeks after 
discontinuance of androgen, or estrogen administration, serum copper values 
had returned to approximately the same magnitude as preadministration levels. 
German and Beam (1961) administered estradiol to 11 patients with 
Wilson's disease, a heritable disease associated with copper metabolism. 
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In four of the patients, the serum copper and ceruloplasmin concentrations 
and the urinary copper excretion increased. In six of the patients there 
was an increase in the serum copper concentration, three of whom showed 
cupruresis. The levels of serum copper and ceruloplasmin, and the 
urinary copper excretion were unchanged in one patient. One of the 
patients improved clinically, four were unchanged, and six deteriorated 
during the estrogen administration. 
Copper interrelationships 
Dick (1952) reported that inorganic sulfate, together with molybdenum, 
but not molybdenum alone, prevented the storage of copper in the liver of 
sheep. Kulwich et al. (1953) reported that the addition of 200 ppm of 
copper and 1000 ppm of molybdenum, or 1000 ppm zinc, had no effect on 
grain or feed utilization of swine. The addition of copper increased the 
liver copper concentration slightly, but the addition of zinc had no effect 
on the concentration of copper in the liver. However, the addition of 
molybdenum to the basal ration or copper-supplemented ration greatly 
increased the concentration of copper in the liver. 
Similar results were obtained by Gubler et al. (1954) who found that 
simultaneous administration of large amounts of both manganese and copper 
I 
to rats resulted in a marked increase in total body copper, an increase 
in the concentration of copper in the plasma, liver, kidneys and brain, 
and a microcytic hypochromic anemia. The total amount of copper in the 
body of these animals was twice that found in rats given the same amount 
of supplemental copper without manganese. 
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Allen et al. (1958) compared the addition of copper (250 ppm), 
zinc (250 ppm) and a combination of these two minerals in a swine ration. 
The results indicated that the copper supplement improved gains; zinc, 
in the amount fed, had no effect and a combination of copper and zinc 
did not produce a greater response than copper alone. Copper supplementa­
tion increased copper storage in the liver, but when zinc was fed in 
addition to the copper supplement the amount of copper stored was reduced 
in comparison with that found when copper alone formed the supplement. 
This latter finding differs from the results with other minerals as reported 
by Gubler et al. (1954) with copper and manganese and Kulwich et al. (1953) 
with copper and molybdenum. 
Miller et al. (1959) found that the addition of calcium to a diet 
which already contained 0.67 percent calcium, supplemented with 12 ppm 
copper resulted in a significant increase in the concentration of copper 
in the liver. Carter et al. (1959) added 0.65 percent calcium to a basal 
diet which contained 0.6 percent calcium and caused depressed gains in 
swine. The addition of 12 ppm copper to this diet did not overcome this 
depression in gain. 
Hoefer et al. (1958) studied the effects of adding zinc (50 ppm), 
iron (100 ppm) or copper (125 ppm) to a control diet which contained 
0.5 percent calcium. Daily gains of pigs fed diets with no supplementa­
tion, or supplemented with zinc, iron, zinc and iron, and copper were 
1.01, 1.49, 1.32, 1.18 and 1.49 lb., respectively. These same workers 
(i960) added zinc (50 or 100 ppm), iron (100 ppm), or copper (125 ppm) 
to control diets varying in calcium level (0.55, 1.05 and 1.31 percent) 
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and found that zinc completely prevented parakeratosis and copper 
reduced the incidence and severity of parakeratosis in swine. The copper 
had a significant effect on growth at 1.05 and 1.31 percent calcium levels. 
Bunch et_al. (1963) using a 2 by 2 by 2 factorial arrangement of treatments 
fed diets supplemented with two levels of copper (0 or 250 ppm added copper), 
two levels of iron (0 or 141 ppm added iron), and two levels of zinc (0 or 
163 ppm added zinc) to swine. The average gain of pigs fed the three diets 
containing the copper sulfate was significantly greater than that of pigs 
receiving the diets without copper supplementation. There was no response 
from copper supplementation to the diet which contained no added zinc. 
Ritchie et al_. (1963) added copper sulfate (at the rate of 125 or 
250 ppm of copper) to a diet containing 1.3 percent calcium which stimulated 
pig growth and prevented parakeratosis during all but the last week of a 
15-week trial. At 15 weeks the incidence of parakeratosis for the pigs 
receiving 250 ppm added copper was 17 percent. Supplementing with 100 ppm 
zinc in addition to the copper improved the rate of growth; however, 
combinations of zinc and copper were essentially no better than zinc alone. 
Polidori (1960) administered a pill containing 292 milligrams iron, 
216 milligrams copper sulfate and 2.8 milligrams cobalt sulfate to pigs 
on the seventh and fourteenth day after birth. The hemoglobin values 
decreased in the treated and nontreated groups during the first seven 
days but increased in the treated pigs during the next seven days. Between 
the twenty-first and forty-ninth day there was a slight decrease in 
hemoglobin value in the treated group. 
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Cassidy and Eva (1958a) found that an inverse relationship exists 
between the iron and copper concentration in the liver which may account 
for the microcytic hypochromic type of anemia that develops when high 
levels of copper sulfate are fed. Bunch et al. (1963) reported there 
was significantly less iron in the livers of the pigs fed diets supplemented 
with either copper sulfate or copper oxide, which agrees with the work of 
Cassidy and Eva (1958a). 
Cassidy and Eva (1958b) also studied the variation in the concentration 
of copper and iron within, and between the lobes of the pigs' livers. The 
magnitude of difference would suggest that the liver biopsy technique used 
in mineral-nutrition studies may be of limited value. Bowland et al. (1961) 
also reported a wide variation in the amounts of copper in different lobes 
and between different parts of the same lobe; however, only small differences 
in distribution were noted between livers of different pigs. 
Wallace et al. (1960) observed that protein level exerted a significant 
influence on the toxic effects of copper. When 750 ppm copper was fed 
with three levels of protein (15, 20 and 25 percent) the toxic effects as 
measured by gain, feed conversion and hemoglobin levels became less as 
protein level increased. Dammers and van der Grift (1959) reported that 
digestibility of protein, fat and crude fiber was improved by the addition 
of 0.1 percent copper sulfate to diets of pigs. Bunch et al. (1961) fed 
four copper levels (0, 125, 250, and 375 ppm) with two different protein 
levels (16 and 22 percent) and reported that the highest total gain and 
best feed conversion were obtained in the pigs receiving the 22 percent 
protein diet. The response to copper levels was similar on both the 
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16 and 22 percent protein groups, with maximum gains and most efficient 
feed conversion being observed when 250 ppm of copper was included in 
the diet. 
Barber et al. (1962) reported a growth-promoting effect from 
supplementing a pig diet, containing animal protein, with 250 ppm copper. 
The response from adding this same amount of copper to an all-vegetable 
diet was significantly less than that in the diet containing animal 
protein; the significant improvement in growth rate on the two types of 
diet being, respectively, 5.1 and 14.5 percent. 
King (1960) supplemented pig diets with 0.1 percent copper sulfate 
and found no significant effect on the growth rate of pigs housed in a 
warm environment, whereas both the growth and feed conversion of pigs 
housed in a cold environment were significantly improved. 
Simek et al. (1961) reported that pigs fed diets supplemented with 
copper sulfate had a significantly higher content of vitamin A in the 
livers than pigs fed a control diet. 
Tissue residues of copper 
It has been suggested by Goldberg et al. (1956), on the basis of 
data obtained working with chickens, that erythrocytes are destroyed 
as a consequence of exposure to excessive amounts of copper in the liver. 
Cunningham (1931) reported the normal values for liver copper in the 
adult pig to be about 40 ppm and a range from 50 to 465 ppm in infant 
pigs. This agrees with the work done by Spray and Widdowson (1950) who 
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reported a decrease in the amount of copper in the liver with an increase 
in age of the animal. 
Lucas and Calder (1957a) reported the means and ranges of the copper 
concentration in liver, on a dry matter basis, for the following levels of 
copper sulfate supplementation in pig diets: 0 percent, 27 (21 to 25 ppm); 
0.012 percent, 29 (21 to 41 ppm); 0.05 percent, 163 (37 to 540 ppm); 0.1 
percent, 575 (103 to 1456 ppm); 0.2 percent, 3085 (1706 to 4668 ppm). 
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These same workers (1957b) analyzed the livers and reported the mean 
copper content, on a dry weight basis, of pigs fed the following rations: 
basal, 25 ppm; basal plus 0.1 percent copper sulfate, 506 ppm. When 
the copper sulfate was removed at 100 lb. of body weight and animals 
continued on the basal ration until 200 lb. of body weight, the concentra-
I 
tion of copper found in the liver (82 ppm) was considerably lower. Bunch 
et al. (1963) reported similar results when pigs were fed diets supplemented 
with copper to 200 lb. body weight. Pigs receiving (250 ppm copper) copper 
oxide had concentrations of copper in the liver of 93 ppm and pigs 
receiving (250 ppm copper) copper sulfate had concentrations of copper 
in the liver of 278 ppm, while if the copper supplementation was removed 
at 125 lb. the values were 54 and 51 ppm copper, respectively. 
Bass et al. (1956) fed a control diet or a diet containing 0.1 percent 
copper sulfate and reported that livers from pigs of the control group had 
an average concentration of 48 ppm of copper (dried ether extract basis) 
compared to 1260 ppm for the group receiving copper supplementation, which 
is somewhat higher than values reported by Lucas and Calder (1957b). 
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Similar results were found by Bellis (1961) who reported that the 
copper content of the liver of pigs fed 125 ppm copper was three times 
higher than that of the controls and 250 ppm copper increased liver 
copper storage about 18-fold. Bunch et al. (1961) reported that the 
concentration of copper in the livers of pigs fed 250 ppm copper was 
10 times greater than the controls. Ritchie et al. (1963) reported 
values for the concentration of copper in pig livers as high as 1448 
ppm when copper sulfate was supplemented at the level of 250 ppm of 
copper in a basal diet containing 1.3 percent calcium. When 100 ppm 
zinc was included with the copper, the concentration of copper in the 
liver was 419 ppm. 
Gordon and Luke (1957) reported the concentration of copper in livers 
of sows fed diets supplemented with 100 ppm of copper during gestation 
to vary from 38 to 170, with an average of 103 ppm. In 22 full-term 
fetuses they found a variation of approximately 35 to 264 ppm with an 
average of 121 ppm. Dammers and van der Grift (1959) reported a concentra 
tion of 3000 ppm copper in the livers of pigs fed diets containing 0.3 
percent copper sulfate for one-half a year. 
Barber et al. (1957) not only studied the copper residues in the 
liver but also in the kidney, spleen, muscle (psoas) and fat. Assuming 
70 percent moisture, the copper concentration on a dry basis (ppm) was: 
liver 45 and 364, kidney 21 and 39, spleen 4 and 5, muscle 3 and 5, and 
fat 2 and 4, respectively, for the control and treated (0.1 percent 
copper sulfate) pigs. Although the copper concentration of livers from 
pigs treated with 0.1 percent copper sulfate appears quite high, they 
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are of approximately the same magnitude as reported for the livers of 
normal sheep and cattle. Beck (1956) found the normal copper concentra­
tion of sheep livers to vary from 123 to 485 ppm with an average of 
298 ppm. This is similar to data reported by Albiston et al. (1940) 
who stated that more than 500 ppm of copper in the liver results from 
abnormal intakes of copper in sheep. For cattle, Sahai and Kehar (1951) 
reported the normal copper concentration of the liver to vary from 160 
to 200 ppm with an average of 174 ppm. 
Copper toxicity 
Wallace et al. (1960) studying the influence of supplementation with 
high levels of copper, as copper sulfate, on performance of growing-
finishing pigs stated that copper levels of 250 ppm and above proved toxic 
in their experiments. The same workers reported that 200 ppm did not 
exert harmful effects on growth, but hemoglobin levels were significantly 
lowered. They also reported no consistent improvement in gain or feed 
conversion on any level of copper supplementation fed. The overall 
results of the experiments indicated that there was no beneficial effect 
from supplementing pig diets with more than normal copper. 
Dammers and van der Grift (1959) reported no toxic effect when 0.1 
percent or 0.2 percent copper sulfate was added to pig diets. Pigs 
receiving 0.3 percent copper sulfate for one-half a year did not grow 
satisfactorily, but clinically did not show toxic effects. Lucas and 
Calder (1957a) reported depressed gain and lowered feed utilization when 
pigs from 100 to 200 lb. were fed 0.2 percent copper sulfate which would 
suggest marginal toxicity. 
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Boyden et al. (1938) fed white rats diets supplemented with 0, 
500, 1000, 2000, and 4000 ppm of copper in the form of copper sulfate. 
The rats ingested voluntarily, amounts of copper ranging from 5.05 
to 11.8 milligrams of copper per day, although at 4000 ppm feed intake 
was so restricted as to result in partial starvation and quick death. 
There was slight toxicity at 500 ppm with increasing toxicity on higher 
levels as indicated by growth. 
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EXPERIMENTAL 
The experiments reported herein are on file in the Swine Nutrition 
Section of the Animal Science Department, Iowa State University, Ames, 
Iowa. These are numbered as Swine Nutrition Experiments 1138, 1148, 
1158A, 1158B, 1158C, 6310, 6320, 6334, 6337 and 6340. 
The methods used in the experiments were quite similar with the 
exception that the pigs were fed individually while the others were group 
fed four to a pen. 
All the animals used in these experiments were obtained from the 
swine nutrition faim breeding herd and the breeding was a three-way cross. 
Within 24 hours after birth, each pig was individually weighed and ear 
notched, eye teeth were clipped and 100 milligrams of iron, as iron-dextran, 
was injected intraperitoneal^. The male pigs were castrated at 
approximately one week of age. Experimental pigs were weaned between 
14.4 and 26.5 days of age. The pigs were randomly allotted from littermate 
outcome groups with four pigs per pen with the exception of Experiment 6337 
in which the pigs were individually fed. 
The buildings were steam cleaned and then disinfected before the 
initiation of each experiment. During the experiments the pens were 
cleaned daily. With few exceptions, only the personnel directly 
responsible for cleaning and conducting the experiment entered the 
building or pens. 
Units designated as A, C, 0 and E at the swine nutrition farm were 
used for these experiments. Units A, C and D are heated buildings with 
I 
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concrete-floored pens which were covered with wood shavings for 
bedding during the experiments. A 150-watt heat lamp provided 
supplemental heat in each pen. Unit E, also a heated building, has 
individual metal pens with wire mesh floors. 
The data from each experiment were statistically analyzed by 
methods described by Snedecor (1956). In all experiments the pen 
was considered the experimental unit. When an animal was removed 
from the pen the average gain of the remaining pigs in the pen was used 
as the gain observation. The feed required per pound of gain was 
adjusted for gain by the pig prior to removal, assuming equal efficiency 
for all pigs in the pen. 
Animals that died during the experiments or were removed from the 
experiments because of illness were taken to the Iowa State University 
Veterinary Diagnostic Laboratory for necroscopy and bacteriological 
examinations. 
Hemoglobin levels were determined by the acid hematin method using 
a Fisher electro-hemometer. The hematocrit was determined using calibrated 
centrifuge tubes in a centrifuge at 2230 R.C.F. 
Liver samples were analyzed for copper, iron and zinc content. One 
gram of dry tissue was weighed and ashed with 10 milliliters of 
concentrated nitric acid and 10 milliliters of 60 percent perchloric 
acid. The iron determination was made with the method described by 
Sandell (1959). 
1 
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Samples were ashed for the determination of zinc and copper in 
the same manner as was used for the iron determinations. Zinc and 
copper were determined by the zincon method described by McCall et al. 
(1958). 
Two different methods of measuring the ceruloplasmin content of 
the blood were used. Blood samples were taken from the pigs and 
plasma samples were prepared by adding 1.0 milliliter of 5 percent 
lithium citrate to the 10-milliliter sample of blood when drawn and 
then centrifuged to get the plasma. The optical density of the plasma 
was measured at 610 millimicrons on the Bausch and Lomb spectrograph. 
The ceruloplasmin was then decolorized by the addition of 0.1 milliliter 
of 10 percent solution of sodium cyanide to the cuvette which contained 
2.7 milliliters of plasma. After one hour the absorbahce was again read 
at 610 millimicrons. The difference in absorbance was divided by 0.0034 to 
obtain the ceruloplasmin concentrations in milligrams per 100 milliliters. 
The change was made to the following method because of the 
interference when the blood samples were hemolyzed. This method of 
measuring ceruloplasmin is described by Houchin (1958). 
Copper Levels and Certain Enzyme Systems 
Experiment 1138 - Levels of copper carbonate for the baby pig 
Objectives The purpose of this experiment was to study the 
effect of 0, 250 and 500 ppm copper as copper carbonate (CuCOj) on growth 
rate, feed conversion and blood hemoglobin levels. 
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Experimental Forty-eight pigs averaging 12.0 pounds and 15.3 
days of age were allotted, four pigs per pen, and fed experimental rations 
for a 42-day period. The treatments consisted of three levels of copper 
carbonate (0, 250 and 500 ppm of Cu). 
The experiment was conducted during the months of January and 
February, 1962, in unit C, which has been described previously. Feed 
and water were provided ad libitum. Weight gain and feed intake data 
were measured and recorded at weekly intervals. 
I 
Hemoglobin determinations were made at the end of the 42-day 
experimental period. 
The composition of the basal ration is presented in Table 1 in the 
Appendix. 
Results and discussion Summaries of weight gain and feed required 
per pound of gain are presented in Figure 1 and Table 5. The analysis of 
variance plan and the breakdown of the statistical analysis are shown in 
Table 6. 
As the concentration of copper in the diet increased there was a 
significant (P < .05) linear decrease in the rate of gain of the pigs. 
There was essentially no difference in the feed required per pound of 
gain for the three copper levels. 
The hemoglobin levels are reported in Figure 2 and Table 7. The 
analysis of variance is reported in Table 8. The results obtained from 
hemoglobin determination indicated a significant (P < .01) linear effect, 
that is, as the copper level in the diet increased the hemoglobin level 
decreased. 
Figure 1. Experiment 1138 - Effect of copper carbonate levels 
on gain and feed per pound of gain 
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Figure 2. Experiment 1138 - Effect of copper carbonate levels 
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The dietary copper gave a similar effect on both hemoglobin and 
gain with a decrease in both and an increase in copper supplementation. 
Experiment 1148 - Effect of copper on certain enzyme systems 
Objectives The purpose of this experiment was to study the 
éffect of high levels of copper as copper carbonate on tissue deposition 
of copper, ceruloplasmin level, the cytochrome oxidase activity of the 
heart and the growth and feed conversion. 
Experimental Forty-eight pigs averaging 11.1 pounds and 18.8 
days of age were allotted^ four pigs per pen, and fed the experimental 
rations for a 42-day period. The treatments were three levels of copper 
carbonate (0, 250 and 500 ppm of Cu). 
The experiment was conducted during the months of March and April, 
1962 in unit C which was previously described. Feed and water were 
provided ad libitum. Weight gain and feed intake were measured and 
recorded at weekly intervals. 
Hemoglobin, hematocrit and serum ceruloplasmin levels were determined 
at the end of the 42-day experimental period. Twelve pigs were sacrificed 
and samples of liver were analyzed for copper, iron and zinc content 
and heart samples were analyzed for cytochrome oxidase activity. 
The composition of the basal ration is presented in Table 1. 
Results and discussion Summaries of weight gain and feed per 
pound of gain are presented in Figure 3 and Table 9. The analysis of 
variance plan and the breakdown of the statistical analysis are shown 
in Table 10. 
Figure 3. Experiment 1148 - Effect of copper carbonate on gain 
and feed required per pound of gain 
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The pigs receiving diets supplemented with 500 ppm copper gained 
significantly (P < .01) slower and required significantly (P < .01) 
more feed per pound of gain than those pigs fed diets with no supplemental 
copper or 250 ppm of copper supplementation. The pigs fed the diets 
containing 250 ppm copper gained faster than the pigs fed diets with 
no supplemental copper, but this difference was not significant. 
Hemoglobin and hematocrit levels taken at the end of the experiment 
are reported in Figure 4 and Table 11. The analysis of variance plan 
and the breakdown of the statistical analysis are presented in Table 12. 
The pigs receiving diets containing 500 ppm Cu had significantly (P < .01) 
lower hemoglobin and hematocrit levels than pigs receiving the control 
diet or the diet supplemented with 250 ppm Cu. This lowered hemoglobin 
level and lowered hematocrit would suggest a hypochromic microcytic 
type of anemia. 
When the experiment was terminated, blood samples were taken and 
analyzed for ceruloplasmin. The data obtained for ceruloplasmin levels 
appear in Figure 5 and Table 11. The analysis of variance plan and the 
breakdown of the statistical analysis are shown in Table 12. The pigs 
fed diets supplemented with 500 ppm copper had a lower ceruloplasmin 
level, however, this difference was not significant. 
In this experiment there was a decrease in gain in the pigs fed diets 
containing 500 ppm copper, which was accompanied by lowered hemoglobin 
hematocrit and ceruloplasmin levels. Also the pigs fed the diets supple­
mented with 500 ppm copper required more feed per pound of gain. This 
indicated that diets supplemented with 500 ppm copper are toxic. 
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Figure 4. Experiment 1148 - Effect of copper carbonate on blood 
hemoglobin and hematocrit 
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One pig from each pen was sacrificed when the experiment was 
terminated and liver samples were taken and analyzed for the content 
of copper, iron and zinc. A summary of these results appears in Figures 
6 and 7 arid Table 13. The analysis of variance plan and the breakdown 
of statistical analysis appear in Table 14. As the copper concentration 
in the diet increased there was an increase in the copper content of the 
liver. The pigs receiving the control diets had a significantly (P < .01) 
lower concentration of copper in the liver than the pigs fed diets 
supplemented with either 250 or 500 ppm copper. The pigs fed the diets 
supplemented with 500 ppm copper had significantly (P < .01) more liver 
copper than the pigs fed diets supplemented with 250 ppm copper. 
There was essentially no difference in the iron content of the liver 
between pigs fed no supplemental copper and those fed diets containing 250 
ppm copper. The pigs fed the diets supplemented with 500 ppm copper had 
significantly (P < .05) less iron in their liver than the pigs fed either 
the control diets or diets supplemented with 250 ppm copper. 
There were essentially no differences in the liver storage of zinc 
among the three levels of copper supplementation. 
The heart samples were analyzed for cytochrome oxidase activity. 
The summary of cytochrome oxidase activity appears in Figure 5 and Table 
15. The analysis of variance plan and the breakdown of the statistical 
analysis appear in Table 16. The quadratic effect across copper levels 
was significant (P < .05). 
Figure 6. Experiment 1148 - Effect of copper carbonate on liver 
tissue level of copper and iron 
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Figure 7. Experiment 1148 - Effect of copper carbonate on liver 
tissue level of zinc 
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Protein Source and Copper Supplementation 
Experiments 1158 and 1158A - Effect of copper toxicity fed with 
different protein sources 
Objectives The purpose of this experiment was to evaluate the 
effect of 0, 250 and 500 ppm copper as copper carbonate fed with different 
protein sources (fish flour, soybean meal, purified soy protein and 
casein). The criteria measured were gain, feed required per pound of 
gain, ceruloplasmin, hemoglobin and hematocrit. These two experiments 
were the same and will be treated as though they are two replications. 
Experimental Ninety-six pigs averaging 10.5 pounds and 16.3 
days were allotted, four pigs per pen, and fed the experimental rations 
for a 42-day period. The treatments were three levels of copper (0, 250 
and 500 ppm) fed with each of four protein sources (fish flour, soybean 
meal, purified soy protein and casein). Each of the treatments was 
replicated two times. 
The experiment was conducted during the months May through September, 
1962 in unit C, which was previously described. Feed and water were 
provided ad libitum. Weight gain and feed intake data were recorded 
at weekly intervals, 
Hemoglobin, hematocrit and ceruloplasmin determinations were made 
at the end of the six-week experimental period. 
The composition of the basal ration is presented in Table 1 in the 
Appendix. 
Results and discussion Summaries of weight gain and feed per 
pound of gain are presented in Figure 8 and Table 17. The analysis 
Figure 8. Experiments 1158 and 1158A - Effect of protein source and copper -
on gain and feed required per pound of gain 
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of variance plan and the breakdown of the statistical analysis are shown 
in Table 18. 
The pigs fed diets supplemented with 250 ppm copper gained 
significantly (P < .05) faster than those pigs fed diets supplemented 
with 500 ppm copper. The pigs fed the rations with soybean meal as 
the protein source gained significantly (P < .01) faster than those 
receiving diets with the other protein sources. *. 
The pigs receiving supplemental copper required significantly 
(P < .01) less feed than the pigs receiving the control ration. When 
casein was used as the protein source the pigs required significantly 
(P < .01) more feed per pound of gain. Pigs receiving diets containing 
soybean meal as their protein source required significantly (P < .01) 
less feed per pound of gain than pigs receiving diets containing the 
other protein sources. 
The protein times copper interaction was significant at (P < .05). 
The summaries of hemoglobin and hematocrit are presented in Figure 
9 and Table 19. The analysis of variance plan and breakdown of the 
statistical analysis are shown in Table 20. 
The pigs receiving 500 ppm supplemental copper had significantly 
(P < .01) lower hemoglobin levels than did the pigs receiving either the 
control ration or pigs receiving 250 ppm supplemental copper. Although 
there were some differences in hemoglobin level across protein source, 
this difference was not significant. There was a signigicant (P < .01) 
depression in hematocrit in pigs receiving 500 ppm supplemental copper. 
There was essentially no difference in hematocrit levels across protein 
source. 
Figure 9, Experiments 1158 and 1158A - Effect of protein source and copper 
on hemoglobin and hematocrit 
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The summary of ceruloplasmin is presented in Figure 10 and Table 21. 
The analysis of variance plan and breakdown of the statistical analysis 
are shown in Table 22. There were no significant differences for 
ceruloplasmin level for either protein source or copper levels. 
Experiments 1158, 1158A and 1158B - Effect of copper toxicity fed with 
different protein sources 
Objectives The purpose of this experiment was to study the 
effect of 0, 250, and 500 ppm copper as copper carbonate fed with different 
protein sources (soybean meal, purified soy protein and casein). The 
criteria measured were gain, feed required per pound of gain, ceruloplasmin 
and hematocrit. 
Experimental This experiment is a combination of the four-week 
data from the above experiment for three of the protein sources (soybean 
meal, purified soy protein and casein) and a third replication which was 
conducted at a later time. The combined experiment involved 108 pigs 
averaging 10.3 pounds and 16.8 days of age which were allotted, four pigs 
per pen, and fed the experimental rations for a 28-day period. The treat­
ments were three levels of copper (0, 250 and 500 ppm) fed with each of 
three protein sources, (soybean meal, purified soy protein and casein). 
The combined experiments gave a total of three replications. 
The experiment was conducted during the months May through October, 
! 
1962. The first two replications were conducted in unit C and the third 
replication conducted in unit A both of which were previously described. 
Feed and water were provided ad libitum. Weight gain and feed intake 
data were recorded at weekly intervals. 
Figure 10. Experiments 1158 and 1158A - Effect of protein source and copper 
on ceruloplasmin levels 
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Hemoglobin, hematocrit and ceruloplasmin det erainations were made 
at the end of the six-week experimental period. 
The composition of the basal ration is presented in Table 1 in the 
Appendix. 
Results and discussion Summaries of weight and feed per pound 
of gain are presented in Figure 11 and Table 23. The analysis of 
variance plan and the breakdown of the statistical analysis are shown 
in Table 24. 
I 
Although there were some differences across copper levels in gains 
these differences were not significant. The pigs fed soybean meal as 
the protein source gained significantly (P < .01) faster than did the 
pigs receiving either of the other protein sources. 
The pigs receiving 250 ppm supplemental copper required less feed 
per pound of gain than the other two levels of copper supplementation, 
but this difference was not significant. The pigs receiving the diets 
with casein as the protein source required significantly (P < .05) more 
feed per pound of gain than did the pigs receiving either soybean meal 
or purified soy protein as the protein source. 
i 
Summaries of hemoglobin and hematocrit appear in Figure 12 and 
Table 25. The analysis of variance plan and the breakdown of the 
statistical analysis are shown in Table 27. 
Hemoglobin levels were significantly (P < .05) lower in the pigs 
receiving supplemental copper than in those receiving no supplemental 
copper. The hemoglobin level was depressed more in the pigs receiving 
Figure 11. Experiments 1158, 1158A and 1158B - Effect of protein source and 
copper on gain and feed required per pound of gain 
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Figure 12. Experiments1158, 1158A and 1158B - Effect of protein source and 
copper on hemoglobin and hematocrit 
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500 ppm supplemental copper than in those receiving 250 ppm supplemental 
copper. The pigs receiving soybean meal as their protein source had 
significantly (P < .05) lower hemoglobin levels than those pigs 
receiving the other protein sources. 
The hematocrit level was significantly (P < .05) lower in the pigs 
I 
receiving diets supplemented with 500 ppm than in the pigs receiving 
the control diet or diets supplemented with 250 ppm copper. The pigs 
receiving soybean meal as their protein source had significantly (P < .05) 
lower hematocrit levels than the pigs receiving the other protein sources. 
A summary of ceruloplasmin level appears in Figure 13 and Table 26. 
The analysis of variance plan and the breakdown of the statistical analysis 
are shown in Table 27. Although there were some differences in ceruloplasmin 
level, none of these were significant. 
Experiment 6337 - Effect of protein source on copper supplementation 
Objectives The purpose of this experiment was to study the 
effect of protein source (soybean meal and casein) on the response of 
baby pigs to copper supplementation (0, 250 or 500 ppm copper). The 
criteria measured were growth, feed conversion, hemoglobin and ceruloplasmin. 
Experimental Thirty-six pigs averaging 10.3 pounds and 15.4 
days of age were allotted one pig per pen and fed the experimental rations 
for a 42-day period. The treatments were two protein sources (soybean meal 
and casein) fed with each of three levels of copper carbonate (0, 250 and 
500 ppm copper). Each treatment was replicated six times. 
Figure 13. Experiments 1158, 1158A and 1158B - Effect of protein source and 
copper on ceruloplasmin level 
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The experiment was conducted during the months of November and 
December, 1963 in unit E which was previously described. Feed and 
water were provided ad libitum. Weight gain and feed intake data were 
recorded at weekly intervals. 
Hemoglobin and serum ceruloplasmin determinations were made at the 
end of the 28-day experimental period. 
The composition of the basal ration appears in Table 1 in the 
Appendix. 
Results and discussion Summaries of weight gain and feed per pound 
of gain are presented in Figure 14 and Table 28. The analysis of variance 
plan and the breakdown of the statistical analysis are shown in Table 29. 
Those pigs receiving soybean meal as the protein source gained 
significantly faster than the pigs receiving casein as their source of 
protein. Those pigs receiving 250 ppm copper with soybean meal as the 
protein source gained faster than the pigs receiving either of the other 
copper levels and soybean meal, but this difference was not significant. 
When casein was used as the protein source there was a trend toward 
decreased gain with increasing copper levels. The pigs receiving soybean 
meal as the protein source required significantly less feed per pound of 
gain than did the pigs receiving casein as the protein source. Where 
soybean meal was fed as the protein source those pigs receiving 250 ppm 
copper required less feed than those receiving either 0 or 500 ppm copper, 
but this difference was not significant. There was a trend toward 
increasing amount of feed required per pound of gain with increasing 
copper levels where casein was the protein source. 
Figure 14. Experiment 6337 - Effect of protein source and copper 
on gain and feed required per pound of gain 
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Blood samples were taken at the end of the four-week experimental 
period and analyzed for hemoglobin and ceruloplasmin content. Summaries 
for the hemoglobin and ceruloplasmin content appear in Figure 15 and 
Table 30. The analysis of variance plan and the breakdown of the 
statistical analysis are shown in Table 31. Hemoglobin levels in pigs 
receiving casein as the protein source were higher than those receiving 
soybean meal as the protein source, but this difference was not significant. 
As the copper level was increased the hemoglobin level decreased. The 
linear effect across copper levels was significant at (P < .01). There 
was a significant (P < .01) copper times protein source interaction on 
ceruloplasmin levels. 
Estrogens and Copper Supplementation 
Experiment 6310 - Effect of estrogen on high level copper supplementation 
Objectives The purpose of this experiment was to evaluate the 
effect of injected estrone or stilbestrol with copper supplementation 
on gain, feed required per pound of gain, hemoglobin and ceruloplasmin. 
Experimental Seventy-two pigs averaging 9.3 pounds and 14.4 days 
of age were allotted,four pigs per pen, and fed the experimental rations 
for a 42-day period. The treatments were three levels of copper (0, 250 
and 500 ppm) fed as copper carbonate. Pigs receiving each of the three 
copper levels were given daily injections of one of the following: 
no injection, 1 milliliter of com oil containing 60 micrograms stilbestrol, 
or 1 milliliter of com oil containing 120 micrograms of estrone. A 
randomized block design was used with a three by three factorial 
arrangement of treatments. Each treatment was replicated two times. 
Figure 15. Experiment 6337 - Effect of protein source and copper 
on hemoglobin and ceruloplasmin levels 
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The experiment was conducted during the months of March and April, 
1963 in unit C which was previously described. Weight gain and feed 
intake data were recorded at weekly intervals. 
Blood samples were taken at the end of the 42-day experimental 
period and hemoglobin and ceruloplasmin levels were determined. 
The composition of the basal ration is presented in Table 1 in 
the Appendix. 
Results and discussion Summaries of weight gain and feed per 
pound of gain are presented in Figure. 16 and Table 32. The analysis 
of variance plan and the breakdown of statistical analysis are shown 
in Table 33 for gain and Table 34 for feed required per pound of gain. 
The quadratic effect across copper levels was significant (P < .01). 
There was a slight improvement in gain of the pigs receiving 250 ppm 
supplemental copper as compared to the controls and a depression in 
gain in the pigs receiving the diets containing 500 ppm supplemental 
copper. There was essentially no difference in gain across the estrogen 
sources. 
There were no significant differences across either copper levels 
or estrogen source in the amount of feed required per pound of gain. 
Summaries of ceruloplasmin and hemoglobin levels appear in Table 35; 
Figure 17 presents hemoglobin and ceruloplasmin levels. The analysis of 
variance plan and the breakdown of statistical analysis are presented in 
Table 36 for hemoglobin and Table 37 for ceruloplasmin. 
Figure 16. Experiment 6310 - Effect of estrogen and copper on gain and feed 
required per pound of gain 
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Figure 17. Experiment 6310 - Effect of estrogen and copper on hemoglobin 
and ceruloplasmin levels 
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Hemoglobin levels gave a significant (P < .01) quadratic effect across 
copper levels with essentially no difference in hemoglobin levels between 
the control fed pigs and the pigs receiving the 250 ppm copper level. 
However, the pigs receiving diets supplemented with 500 ppm copper had 
lowered hemoglobin levels. There was no significant difference in the 
hemoglobin level across estrogen source. 
Ceruloplasmin levels were significantly (P < .05) higher in the pigs 
receiving daily injections of stilbestrol than in pigs receiving no 
estrogen or daily injections of estrone. The pigs receiving diets 
supplemented with 500 ppm copper had significantly (P < .05) lower 
ceruloplasmin levels than those pigs receiving the control diets or 
diets supplemented with 250 ppm copper. 
Experiment 6334 - Effect of estrogen on high level copper supplementation 
Objectives The purpose of this experiment was to study the effect 
of injected estrone or stilbestrol with high level copper supplementation 
on gain, feed required per pound of gain, hemoglobin, and ceruloplasmin. 
Experimental Seventy-two pigs averaging 10.9 pounds and 26.5 
days of age were allotted, four pigs per pen, and fed the experimental 
rations for a 42-day period. The treatments were three levels of copper 
(0, 250 and 500 ppm) fed as copper carbonate. Pigs receiving each of 
the diets were given injections on Monday, Wednesday and Friday of one 
of the following: 1 milliliter of saline solution, 1 milliliter of corn 
oil containing 60 micrograms of stilbestrol or 1 milliliter of corn oil 
containing 120 micrograms of estrone. A randomized block design was used 
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with a three by three factorial arrangement of treatments. Each treatment 
was replicated two times. 
The experiment was conducted during the months of September and 
October, 1963 in unit C which was previously described. Weight gain and 
feed intake data were recorded at weekly intervals. 
Blood samples were taken at the end of the 42-day experimental period 
and hemoglobin and ceruloplasmin content of these samples was deteimined. 
The composition of the basal ration is presented in Table 1 in the 
Appendix. 
Results and discussion Summaries of weight gain and feed required 
per pound of gain are presented in Figure 18 and Table 38. The analysis 
of variance plan and the breakdown of statistical analysis are shown in 
Table 39. 
There was some improvement in gain in pigs fed the diets containing 
250 ppm copper compared to the controls, with a big depression in gain 
between pigs receiving diets supplemented with 250 ppm copper and those 
receiving diets supplemented with 500 ppm copper was significant (P < .01). 
There was essentially no difference in gain across estrogen source. 
There were no significant differences across either copper levels or 
estrogen source in the amount of feed required per pound of gain. 
Summaries of ceruloplasmin and hemoglobin levels appear in Figure 19 
and Table 40. The analysis of variance plan and the breakdown of 
statistical analysis are presented in Table 41 for both hemoglobin and 
ceruloplasmin. 
Figure 18. Experiment 6334 - Effect of estrogen and copper on gain and feed 
required per pound of gain 
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Figure 19. Experiment 6334 - Effect of estrogen and copper on hemoglobin 
and ceruloplasmin levels 
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As the copper supplementation increased from 0 to 500 there was a 
decrease in the hemoglobin levels. Hemoglobin levels were significant 
(P < .01) lower in the pigs fed diets supplemented with copper than in 
the pigs receiving the basal ration. The pigs fed diets supplemented 
with 500 ppm copper had significantly (P < .01) lower hemoglobin levels 
than the pigs fed diets supplemented with 250 ppm copper. There was 
essentially no difference in hemoglobin level across estrogen source. 
The pigs receiving supplementary copper had significantly (P < .01) 
lower ceruloplasmin levels. Ceruloplasmin levels were significantly 
(P < .05) lower in pigs receiving 500 ppm copper than in the serum of 
pigs receiving 250 ppm supplemental copper. Although those pigs receiving 
stilbestrol injections had higher ceruloplasmin levels than the controls 
or those receiving estrone injections, these differences were not significant. 
Manganese and Copper Supplementation 
Experiment 6320 - Effect of high levels of manganese and copper on 
performance of baby pigs 
Obj ectives The purpose of this experiment was to determine 
whether the pig would respond to less dietary copper if the concentration 
of manganese in the diet is increased. The criteria measured were growth, 
feed required per pound of gain and ceruloplasmin level. 
Experimental Seventy-two pigs averaging 11.6 pounds and 18.8 days 
of age were allotted, four pigs,per pen, and fed the experimental ration 
for a 42-day period. The treatments were three levels of copper (0, 250 
and 500 ppm) and fed with each of three levels of manganese (0, 1000 and 
2000 ppm).. Each treatment was replicated twice. 
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The experiment was conducted during the months of May and June, 1963 
in unit D which was previously described. Feed and water were provided 
ad libitum. Weight gain and feed intake data were measured and recorded 
at weekly intervals. 
Ceruloplasmin content of the blood was determined at the end of 
the 42-day experimental period. 
The composition of the basal ration is presented in Table 1 in the 
Appendix. 
Results and discussion Summaries of weight gain and feed required 
per pound of gain appear in Figure 20 and Table 42. The analysis of 
variance plan and the breakdown of the statistical analysis are shown 
in Table 43 for gain and Table 44 for feed required per pound of gain. 
There were no significant differences in either gain or feed required 
per pound of gain across either copper levels or manganese levels. 
A summary of the ceruloplasmin data appears in Figure 21 and Table 45. 
The analysis of variance plan and the breakdown of the statistical analysis 
are shown in Table 46. 
Ceruloplasmin levels showed no significant differences across either 
copper levels or manganese levels. 
Copper Source 
Experiment 6340 - Comparison of three sources of copper 
Objectives The purpose of this experiment was to compare the 
growth response and liver storage of copper in pigs fed diets supplemented 
with 250 ppm copper as copper methionine to pigs fed diets supplemented 
Figure 20. Experiment 6320 - Effect of copper and manganese on gain and feed 
required per pound of gain 
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with 250 ppm copper as copper carbonate or copper sulfate. The criteria 
measured were growth, feed conversion, hemoglobin, ceruloplasmin and 
deposition of copper in the liver. 
Experimental Eighty pigs averaging 10,9 pounds and 19.0 days of 
age were allotted, four pigs per pen, and fed the experimental rations 
for a 42-day period. The treatments were a control ration and three sources 
of copper fed at the level of 250 ppm copper sulfate, copper carbonate and 
copper methionine. Each treatment was replicated five times. 
The experiment was conducted during the months December to February, 
1963-1964 in unit D which was previously described. Feed and water were 
provided ad libitum. Weight gain and feed intake data were recorded at 
the first, third and sixth week of the experiment. 
Hemoglobin and serum ceruloplasmin levels were determined at the end 
of the six-week experimental period. 
Liver samples were taken by the biopsy technique utilizing an incision 
in the abdominal wall. These samples were analyzed to determine the copper 
content. 
The composition of the basal ration appears in Table 1 in the Appendix. 
Results and discussion Summaries of weight gain and feed required 
per pound of gain are presented in Figure 22 and Table 47. The analysis 
of variance plan and a breakdown of the statistical analysis are shown in 
Table 48. 
All sources of copper significantly (P < .01) improved gain and 
significantly (P < .05) improved feed conversion. Copper-methionine and 
copper sulfate.supplementation significantly (P < .05) improved feed conversion 
as compared to the pigs receiving copper carbonate supplementation. 
I 
Figure 22. Experiment 6340 - Effect of copper source on gain and 
feed required per pound of gain 
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The hemoglobin and ceruloplasmin levels were determined at the end 
of the six-week experimental period and are presented in Figure 23 and 
Table 49. The analysis of variance and a breakdown of the statistical 
analysis appear in Table 50. 
There was essentially no difference in either hemoglobin or 
ceruloplasmin levels across treatments. 
Liver samples were taken from one pig in each replication on each 
of the following treatments: control, copper-methionine and copper 
sulfate. These liver samples were analyzed to determine the copper 
content. The data are presented in Table 51. The liver copper value 
was higher in pigs fed diets supplemented with either copper-methionine 
or copper sulfate than in the pigs fed the control diet. These differences 
were not significant. 
Figure 23. Experiment 6340 - Effect of copper source on hemoglobin 
and ceruloplasmin levels 
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GENERAL DISCUSSION 
Since copper was established as a required trace element for animals 
in 1928 there have been a number of copper-containing compounds isolated 
from the body tissues. All of these compounds isolated have been in the 
form of chelates, primarily copper protein and those which have known 
function have been found to be oxidative enzymes. However, the mechanism 
by which most of these compounds function is not known. 
In addition to those known copper compounds copper also functions in 
the metabolism of other minerals and nutrients. A hypochromic microcytic 
type of anemia is found in copper deficiency, thus, morphologically 
indistinguishable from that induced by iron deficiency. Copper is important 
in the maturation of the red blood cells because megaloblasts and 
erythroblasts are formed but no uticulocytes or erythrocytes are formed in 
copper deficiency. 
Copper is also important in the synthesis of phospholipids. It is 
believed to be an inability to couple coenzyme A-activated fatty acids to 
glycerophosphate which leads to a low production of phospholipids. 
Erythrocuprein is a copper-containing protein found in the red cells. 
The erythrocuprein binds nearly all the copper in the erythrocytes. 
Hepatocuprein is the copper-containing protein found in the liver. 
The enzyme, tyrosinase, which contains about 0.1 to 0.2 percent 
copper, closely resembles other copper-containing protein chemically. 
Tyrosinase functions in the oxidation of tyrosine. The physiological 
function of tyrosinase is involved in the production of melanin pigment in 
the skin. A deficiency of tyrosinase will lead to albinoism. 
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Cerebrocuprein is a bluish-green, copper-containing protein found 
in the brain. Its copper content is about 0.29 percent. 
Cytochrome oxidase is a copper-containing protein which is important 
in aerobic oxidation. 
The ceruloplasmin molecule is a blue, copper-containing protein in 
the serum which has polyphenol oxidase activity. The ceruloplasmin 
molecule containing eight atoms of copper and over 95 percent of the 
copper in the serum is bound in this form. The physiological significance 
of the oxidase activity of ceruloplasmin is not presently known, however, 
ceruloplasmin is the only known oxidase in the plasma. Humans with 
Wilson's disease (hepatolenticular degeneration) normally have a deficiency 
or a complete absence of ceruloplasmin. It is not known whether the disease 
is the cause of the ceruloplasmin deficiency or the ceruloplasmin deficiency 
is the cause of the disease. 
With increased production of estrogens in the latter part of pregnancy 
there is a simultaneous increase in the ceruloplasmin level in the serum. 
This increase in ceruloplasmin with increased estrogens during the latter 
part of pregnancy has led to the use of estrogen therapy in humans with 
Wilson's disease. It has been shown by Johnson et al. (1959) that the 
administration of estradiol benzoate to healthy elderly males and post­
menopausal women significantly increased their serum copper content. Eleven 
patients with Wilson's disease were given estradiol administration by German 
and Beam (1961). In ten of these patients the serum copper level was 
increased while only four of these showed an increase in the serum cerulopla­
smin level. This would suggest that possibly the protein portion of the 
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ceruloplasmin molecule was not being formed. 
Since estrogen therapy will also increase growth it might be 
expected that increased ceruloplasmin levels may also be associated 
with improved growth rate. Therefore, if the ceruloplasmin level 
could be increased the growth rate would also be increased. In Experiment 
1148 as the copper level was increased from 250 to 500 ppm the ceruloplasmin 
level was decreased from 13.3 to 10.9 milligrams percent and gain was 
decreased from 32.3 to 21.4 pounds. Therefore, the administration of 
estrogen in addition to copper supplementation should increase the 
ceruloplasmin level and improve the growth rate. Stilbestrol and estrogen 
injections were given in Experiment 6310 and ceruloplasmin levels were 
increased from 15.5 to 17.7 units per 100 milliliters in pigs given 
stilbestrol injections, but gain was not improved. In this experiment 
increasing the copper level from 250 to 500 ppm decreased ceruloplasmin 
from 17.0 to 14.2 units per 100 milliliters and decreased gain from 20.8 
to 13.7 pounds. In Experiment 6334 estrogen therapy had no effect on 
either gain or ceruloplasmin. However, when copper levels were increased 
from 250 to 500 ppm copper there was a decrease in ceruloplasmin levels 
from 26.6 to 22.7 units per 100 milliliters and a slower growth from 
34.7 to 23.7 pounds. These experiments did not show an increased growth 
rate with an increase in ceruloplasmin levels. There were, however, 
decreased ceruloplasmin levels and slower growth rate when a toxic 
(500 ppm) level of copper was added to the diet of pigs. 
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It has been shown by Wallace et al. (1960) that the toxicity of 750 
ppm when added to pig diets was lessened with higher protein levels. 
These results suggest that with higher protein levels there would be less 
possibility of copper toxicity when 250 ppm copper is added to pig diets. 
If the protein level affects it would be expected that the protein source 
might affect the response of pigs to copper supplementation. Elsewhere, 
workers using a barley meal, wheat products and fish meal diet have 
reported consistent growth responses in pigs fed these diets supplemented 
with 250 ppm copper. In the studies reported herein, com and soybean 
meal type diets were used and growth rate was improved when these diets 
were supplemented with 250 ppm copper. Four sources of protein were used 
in Experiments 1158 and 1158A. There was slower growth in pigs fed diets 
containing 500 ppm copper than either the control or pigs receiving diets 
supplemented with 250 ppm copper. However, there was essentially no 
difference in the ceruloplasmin level. The pigs receiving soybean meal 
as the protein source gained significantly more than the pigs receiving 
the other protein sources, but the pigs receiving the soybean meal as 
the protein sources did not have the highest ceruloplasmin level. Experi­
ments 1158, 1158A and 1158B in which three sources of protein, soybean 
meal, purified soy protein and casein, were used with a gain of 11.3, 7.1 
and 3*4 pounds, respectively, and ceruloplasmin levels of 17.2, 20.1 and 
22.4 milligrams percent, respectively. This data show that as the gain 
increased the ceruloplasmin level decreased. In Experiment 6337 when two 
protein levels were used the pigs receiving casein as the protein source 
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gained 8.0 pounds to 12.3 pounds for the pigs receiving soybean meal as 
the protein source, but the ceruloplasmin level was 22.0 and 18.2 milli­
grams percent, respectively. 
The pigs receiving the diets containing casein as the protein source 
grew very poorly. It was thought that the first source of casein used 
in these experiments might have been overheated during production, but 
pigs performed no better on a new batch. These diets were supplemented 
with all vitamins which could have been deficient leaving no explanation 
for the poor performance. 
There was improved gain when diets were supplemented with 250 ppm 
copper across protein source. Barber et al. (1960) and Pagan et al. (1961) 
supplemented liquid skim milk diets with 250 ppm copper and reported a 
response in improved pig gains. This would suggest that there is a 
response to copper supplementation in pigs regardless of the protein source. 
It has been reported by Gubler et al. (1954) that simultaneous admini­
stration of both copper and manganese resulted in marked increase of body 
copper. The total amount of body copper in animals receiving both copper 
and manganese was about twice that found in animals receiving only copper. 
These results suggest that if the response to copper is an enteric effect, 
lower levels of copper supplementation with increased levels of manganese 
would give a growth response in pigs. The results of Experiment 6320, 
in which copper and manganese levels were fed alone or in combination, 
indicated essentially no difference in either gain or ceruloplasmin levels. 
However, there was no response to copper supplementation alone in this 
experiment. 
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Many different sources of copper have been used and similar results 
have been obtained with each of them, which leads to a discussion of 
whether or not the effect of copper supplementation of pig diets is 
enteric or in the intestinal tract. Much work has been done comparing 
the supplementation of pig diets with antibiotics and feeding the copper 
and antibiotic in combination at the optimum level of each. Since the 
action of chlortetracycline requires the presence of metal ions and this 
is the antibiotic most commonly used, one would expect a synergistic effect 
when the two are fed in combination at the optimum level of each when fed 
alone. Barber et al. (1955c), Braude (1960), and Lucas and Calder (1957b) 
reported an additive effect when chlortetracycline and copper are fed in 
combination. Bellis (1961) reported no additive effect when chlortetra­
cycline (14.4 ppm) and copper sulfate (250 ppm copper) were added to pig 
diets in combination. However, when chlortetracycline (14.4 ppm) and 
copper sulfate (125 ppm copper) were fed in combination there was some 
additive effect. It might be that the level of 250 ppm copper is 
complexing the chlortetracycline in a chelated form and only the copper 
effect is being measured. In addition to this the reports of copper 
supplementation to pig diets altering the intestinal flora indicate that 
the effect of copper supplementation is an antibiotic-like effect. On 
the other hand the data indicate that copper sulfate supplemented at the 
level of 250 ppm copper gives slightly higher gains than pigs receiving 
the other copper sources. The pigs receiving copper sulfate as the source 
of copper supplementation show a higher concentration of copper in the 
liver than the other copper sources indicating an enteric effect. 
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In Experiment 6340 a copper chelate compound, copper-methionine, 
was compared to a control, copper carbonate and copper sulfate. It was 
thought that the copper in a chelated form might not be absorbed in the 
small intestine so that it would be broken down in the large intestine 
by the bacteria. Under these circumstances if pigs still showed a 
growth response from copper supplementation-it would indicate an 
intestinal effect rather than an enteric effect. The pigs did show a 
growth response equal to that of the pigs receiving copper sulfate in 
the diet, but the liver stores of copper were as high in the pigs fed 
diets containing copper-methionine as those receiving diets containing 
copper sulfate. 
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SLM4ARY 
Eight experiments involving 560 pigs were conducted to study the 
effect of copper supplementation in combination with protein sources, 
estrogen therapy, or manganese levels on the performance of pigs. The 
criteria measured were weight gain, feed conversion, hemoglobin, hematocrit, 
ceruloplasmin, cytochrome oxidase, and concentration of copper, iron and 
zinc in the liver. 
Increasing the dietary copper level from 250 ppm to 500 ppm 
consistently depressed gain and decreased the ceruloplasmin activity in 
the blood of pigs, although there was a consistent growth response when 
pig diets were supplemented with 250 ppm copper and the level of 
ceruloplasmin activity was no higher than that found in the control fed 
pigs. 
Pigs receiving injections of 60 micrograms of stilbestrol per day 
had higher ceruloplasmin levels than the controls but grew no faster than 
the controls. 
These data indicate that the increase of dietary copper from 0 to 250 
ppm had essentially no effect on the ceruloplasmin activity. However, 
increasing the copper level to a toxic (500 ppm) level decreased the 
ceruloplasmin level, which was accompanied by a slower growth rate. 
There was an improvement in growth across protein source when pig 
diets were supplemented with 250 ppm copper. This indicated that there 
was a faster rate of gain when pig diets were supplemented with 250 ppm 
copper regardless of the protein source. 
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The growth rate of pigs fed soybean meal as the protein source was 
significantly faster than in pigs receiving casein, purified, soy protein, 
or fish flour as their protein source. 
Including manganese (1000 or 2000 ppm) in the diets of pigs receiving 
125 or 250 ppm copper did not improve the growth rate. In this particular 
experiment there was no response to copper supplementation. 
The use of a copper chelate copper-methionine at a level of 250 ppm 
copper significantly improved the rate of gain as compared to the controls. 
The diets supplemented with copper-methionine copper sulfate or copper 
carbonate at a level of 250 ppm copper gained essentially the same during 
the experimental period. Livers from pigs fed the control diet or diets 
supplemented with either copper-methionine or copper sulfate were analyzed 
for copper content. There was essentially no difference in the storage of 
copper in pigs fed the diets supplemented with either copper methionine 
or copper sulfate. 
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APPENDIX 
I 
Table 1. Composition of basal rations 
Ration 
Ingredient •j^aD 2b 3b 4b 5Cd 6d 
Ground yellow com 50.0 50.0 50.0 50.0 46.2 46.2 
Soybean meal (50% protein) 30.2 - - 32.0 -  -
Casein (82% protein) -  - 18.4 -  - 19.6 
Fish flour (73% protein) -  - -- -- 20.7 -  -
Purified soy protein (81% protein) 18.6 -- - - -- -  -
Starch 7.5 19.0 19.4 19.1 7.5 19.9 
Sucrose 7.5 7.5 7.5 7.5 7.5 7.5 
Iodized salt 0.5 0.5 0.5 0.5 0.5 0.5 
Calcium carbonate (38% calcium) 0.8 0.7 0.7 - - 0.8 0.6 
Stabilized lard -  »  -  - -  - 2.0 2.0 
Dicalcium phosphate (26% calcium) 1.3 1.5 1.3 -  - 1.3 1.5 
(18% phosphorus) 
Vitamin premix6 2.0 2.0 2.0 2.0 2.0 2.0 
Trace mineral premix* 0.2 0.2 0.2 0.2 0.2 0.2 
Total 100.0 100.0 100.0 100.0 100.0 100.0 
aBasal ration Experiments 1138 and 1148. 
kBasai ration Experiment 1158. 
cBasal ration Experiments 6310, 6320, 6334 and 6340. 
^Basal ration Experiment 6337. 
eThe composition is shown in Table 3. 
^The composition is shown in Table 4. 
Table 2. Calculated analysis of basal rations 
Ration 
Item 1 2 3 4 5 6 
Protein percent 20 20 20 20 20 20 
Fat percent 2.05 1.99 2.17 2.21 3.98 2.11 
Fiber percent 2.16 1.25 1.25 1.35 2.16 1.20 
Calcium percent .71 .71 .73 1.04 .72 .75 
Phosphorus percent .56 .56 .54 
OO 
.56 .58 
Vitamin A I.U./lb. 2018 2018 2018 2018 1980 1962 
Vitamin Dg I.U./lb. 500 500 500 500 500 500 
Riboflavin mg./lb. 4.5 4.4 4.4 5.1 4.6 4.3 
Pantothenic mg./lb. 10.0 9.5 9.4 10.1 11.0 9.1 
Niacin mg./lb. 25.3 23.7 23.3 31.5 26.1 22.8 
Choline mg./lb. 495 468 429 476 425 404 
Vitamin (added) meg./lb. 20 20 20 20 20 20 
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Table 3. Amounts of vitamins added per pound of complete ration 
Ration 
Ingredient 1 2 3 4 5 6 
Vitamin A I.U. 1500 1500 1500 1500 1500 1500 
Vitamin Dg I.U. 500 500 500 500 500 500 
Riboflavin mg. 4 4 4 ' 4 4 4 
Calcium 
pantothenate mg. 18 18 18 18 18 18 
Vitamin B^ meg. 20 20 20 20 20 20 
Vitamin E mg. - - 10 10 -- 10 
Thiamine mg. 2 2 -- 2 
Pyridoxine mg. - - 0.5 0.5 -- -- 0.5 
Folic acid meg. - - 462 462 - - -- 462 
Vitamin K mg. - - 2 2 -- - - 2 
Choline mg. - - 350 304 - — -- 300 
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Table 4. Trace mineral premix (35-C-41) 
Element 
Percent in 
premix 
Parts per million 
contributed to ration 
by 0.20% 
Iron 
Copper 
Cobalt 
Zinc 
Manganese 
Calcium 
Potassium 
7.0 
0.475 
0.166 
8.10 
5.68 
5.28 
0.750 
140.0 
9.5 
3.3 
162.0 
113.6 
15.0 
i 
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Table 5. Experiment 1138 - Summary of gain and feed required per pound 
of gain 
Cu(ppm) 
Treatment 
0 250 500 
Replication Gain (lb.) 
1 24.80 21.42 15.50 
2 22.60 18.62 8.75 
3 27.65 15.22 22.10 
4 23.05 
1 
23.70 16.30 
Average 24.52 19.74 15.66 
Feed/gain (lb.) 
1 2.12 2.23 2.39 
2 2.56 2.07 2.19 
3 1.92 1.95 1.88 
4 1.89 1.80 1.88 
Average 2.12 2.01 2.08 
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Table 6. Experiment 1138 - Analysis of variance for gain and feed 
required per pound of gain 
Mean squares 
Source d.f. Gain Feed/gain 
Replication 3 15.2824 .1415a 
Treatment 2 78.7108 .0126 
Linear 1 157.0878b .0028 
Quadratic 1 .3337 .0222 
Error 6 16.6202 .0249 
Total 11 27.5445 .0545 
^Significant effect at P = .01 or less. 
^Significant effect at P = .05 or less. 
I 
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Table 7. Experiment 1138 - Summary of hemoglobin 
Treatment 
Cu (ppm) 0 250 500 
Replication 
1 10.2 8.2 5.8 
2 9.7 8.3 7.2 
3 10.0 8.7 6.5 
4 10.2 9.6 6.6 
Average 10.0 8.7 6.5 
Table 8. Experiment 1138 - Analysis of variance for hemoglobin 
Source of variation d.f. Mean squares 
Replication 3 .2700 
Treatment 2 12.4908% 
Linear 1 
1 
24.5000% 
Quadratic 1 .4817 
Error 6 .2608 
Total 11 2.4870 
^Significant effect at P = .01 or less. 
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Table 9. Experiment 1148 - Summary of average total gain and feed 
required per pound of gain 
Treatment 
Cu(ppm) 0 250 500 
Replication Gain (lb.) 
1 32.00 29.88 13.88 
2 25.50 32.00 24.12 
3 32.88 35.50 21.62 
4 30.00 31.88 26.25 
Average 30.10 32.32 21.47 
Feed/gain (lb.) 
1 1.99 1.89 2.15 
2 1.91 , 1.84 2.26 
3 1.95 1.95 2.46 
4 1.66 1.67 1.60 
Average 1.88 1.84 2.12 
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Table 10. Experiment 1148 - Analysis of variance for gain and feed 
required per pound of gain 
Mean squares 
Source of variation d.f. Gain Feed/gain 
Replication 3 14.0621 .1293* 
Treatment 2 131.3536* .0918 
500 vs. 250 and 0 1 252.8504b .1803a 
250 vs. 0 1 9.8568 .0032 
Error 6 15.6976 .0214 
Total 11 36.2799 .0636 
^Significant effect at P = .05 or less. 
I 
^Significant effect at P = .01 or less. 
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Table 11. Experiment 1148 - Summary of hemoglobin, hematocrit and 
ceruloplasmin 
Cu(ppm) 
Treatment 
0 250 500 
Replication Hemoglobin (gm.%) 
1 11
€
7 11.9 6.8 
2 10.5 10.8 6.8 
3 10.2 11.0 6.9 
4 10.5 11.6 7.8 
Average 10.7 11.3 7.1 
Hematocrit (%) 
1 40 31 25 
2 33 34 22 
3 34 37 24 
4 38 39 26 
Average 36 35 24 
Ceruloplasmin (mg.1) 
1 14.0 14.7 5.5 
2 10.7 11.0 16.2 
3 16.7 14.7 13.2 
4 11.8 12.7 8.8 
Average 13.3 13.3 10.9 
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Table 12. Experiment 1148 - Analysis of variance for hemoglobin, 
hematocrit and ceruloplasmin 
Mean squares 
Source of variation d.f. Hemoglobin Hematocrit Ceruloplasmin 
Replication 3 .4808 .0011 8.7889 
Treatment 2 21.1634% .0178% 7.4425 
0 vs. 250 and 500 1 6.2017% .0113* 3.8400 
250 vs. 500 1 36.1250% .0242* 11.0450 
Error 6 .2300 .0008 11.8680 
Total 11 4.1045 .0039 10.2236 
^Significant effect at P = .01 or less. 
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Table 13. Experiment 1148 - Summary of liver tissue levels of copper, 
iron and zinc 
Cu(ppm) 
Treatment 
250 500 
Replication 
1 
2 
3 
4 
Average 
40 
32 
23 
58 
38 
Copper 
80 
154 
75 
46 
89 
1198 
1098 
,895 
794 
996 
1 
2 
3 
4 
Average 
197 
443 
306 
371 
329 
Iron 
323 
412 
253 
309 
324 
122 
145 
274 
114 
164 
1 
2 
3 
4 
Average 
154 
109 
321 
256 
210 
Zinc 
220 
140 
214 
348 
230 
153 
332 
312 
367 
291 
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Table 14. Experiment 1148 - Analysis of variance for liver tissue 
levels of copper, iron and zinc 
Mean squares 
Source of variation d.f. Cu Fe Zn 
Replication 3 146080 7544 15019 
Treatment 2 1162580* 35450b 7094 
0 vs. 250 and 500 1 678048s 19380 6868 
250 vs. 500 1 1647112s 51520b 7320 
Error 6 19091 6802 5340 
Total 11 221308 12123 8298 
^Significant effect at P = .01 or less. 
^Significant effect at P = .05 or less. 
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Table 15. Experiment 1148 - Summary of the cytochrome oxidase 
activity of the heart3 
Cu (ppm) 
Treatment 
0 250 500 
Replication 
1 16.58 18.98 14.92 
2 16.12 16.86 14.48 
3 16.02 16.28 14.25 
4 16.38 21.40 12.52 
Average 16.28 18.38 14.04 
^Values given as pi. of oxygen uptake per mg. of fresh heart tissue 
per 30 minutes. 
Table 16. Experiment 1148 - Analysis of variance for cytochrome oxidase 
Source of variation d.f. Mean squares 
Replication 3 1.3209 
Treatment 2 18.8193* 
Linear 1 9.9681 
Quadratic 1 27.6705* 
Error 6 2.6256 
Total 11 5.2141 
^Significant effect at P = .05 or less. 
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Table 17. Experiments 1158 and 1158A - Summary of gain and feed required 
per pound of gain 
Treatment 
Cu (ppm) 0 250 500 Average 
Protein source Gain (lb.) 
Soybean meal 28.10 
33.00 
25.40 
28.25 
19.68 
25.38 
26.63 
Casein 5.88 
6.62 
6.98 
6.00 
9.10 
7.75 
7.06 
Fish flour 7.05 
10.25 
16.08 
14.00 
10.80 
11.38 
11.59 
Drackett 11.85 
15.12 
13.90 
17.75 
10.65 
11.75 
13.50 
Average 14.74 . 16.04 13.31 
Feed/gain (lb.) 
Soybean meal 1.86 
1.83 
1.44 
1.96 
1182 
1.85 
1.79 
Casein 3.09 
2.96 
3.23 
3.21 
2.47 
2.52 
2.91 
Fish flour 2.52 
2.40 
1.82 
1.88 , 
1.93 
2.11 
2.11 
Drackett 2.33 
2.36 
2.15 
1.96 
2.17 
2.28 
2.21 
Average 2.42 2.20 2.14 
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Table 18. Experimentsll58 and 1158A - Analysis of variance for 
gain and feed required per pound of gain 
Mean squares 
Source of variation d.f. Gain Feed/gain 
Replication 1 19.7653% .0100 
Treatment 11 127.7220b ,4626b 
Copper 2 14.9550% .1662b 
0 vs. 250 and 500 1 .0165 .3169b 
250 vs. 500 1 29.8936* .0156 
Proteinc 3 423.9472b 1.3395b 
C vs. SBM + D + FF 1 467.1605b 3.4541b 
FF vs. SBM + D 1 287.3590b .0477 ' 
SBM vs. D 1 517.3220b .5167b 
Protein x copper 6 17.1985b .1230% 
Error 11 3.1841 .0169 
Total 23 63.4666 .2298 
^Significant effect at P = .05 or less. 
^Significant effect at P = .01 or less. 
^Abbreviations = C, casein; 
FF, fish flour. 
SBM, soybean meal; D, drackett; and 
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Table 19. Experiments 1158 and 1158A - Sunmary of hemoglobin and 
hematocrit 
Treatment 
Cu (ppm) 0 250 500 Average 
Protein source Hemoglobin (pi. %) 
Soybean meal 10.8 10.0 6.8 
9.3 
11.6 10.0 6.5 
Casein 10.6 8.9 8.5 
8.8 
8.2 8.6 8.0 
Fish flour 10.0 9.9 6.5 
9.2 
10.2 10.3 8.4 
Drackett 10.6 11.5 9.1 
9.7 
9.4 10.4 7.0 
Average 10.2 10.0 7.6 
Hematocrit W 
Soybean meal 36 35 25 
31 
36 32 22 
Casein 38 32 32 
32 
29 32 27 
Fish flour 35 36 25 
32 
34 34 29 
Drackett 41 41 35 
35 
32 35 24 
Average 35 35 27 
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Table 20. Experiments 1158 and 1158A - Analysis of variance for 
hemoglobin and hematocrit 
Mean squares 
Source of variation d.f. Hemoglobin Hematocrit 
Replication 1 .88 .0085* 
Treatment 11. 4.00b .0036% 
Copper 2 16.27b .0150b 
0 vs. 250 + 500 1 10.45b .0091% 
250 vs. 500 1 22.09b .0210b 
Protein0 3 .76 .0016 
C vs. SBM + FF + D 1 1.56 .0004 
FF vs. SEM + D 1 .27 .0002 
SBM vs. D 1 .44 .0040 
Protein x copper 6 1.52 .0009 
Error 11 .72 .0010 
Total 23 2.30 .0026 
^Significant effect at P = .05 or less. 
^Significant effect at P. = .01 or less. 
^Abbreviations = C, casein; SIM, soybean meal; D, drackett; and 
FF, fish flour. 
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Table 21. Experiments 1158 and 1158A - Summary of ceruloplasmin 
Treatment 
Cu (ppm) 0 250 500 Average 
Protein source (mg. *) 
Soybean meal 15.44 16.18 25.00 
17.65 
19.12 16.92 13.24 
Casein 17.65 11.02 21.32 
16.58 
15.68 18.38 15.44 
Fish flour 19.85 16.91 . 22.79 
19.36 
20.59 19.86 16.18 
Drackett 16.91 19.85 17.65 
20.06 
19.61 26.47 19.85 
Average 18.11 18.20 18.93 
I 
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Table 22. Experiments 1158 and 1158A - Analysis of variance for 
ceruloplasmin 
Source of variation d.f. Mean squares 
Replication 1 .0247 
Treatment 11 8.9424 
Copper 2 1.6447 
0 vs. 250 + 500 1 1.1285 
250 vs. 500 1 2.1609 
Protein* 3 15.0815 
C vs. SBM + FF + D 1 26.8278 
FF vs. SBM + D 1 1.0404 
SBM vs. D 1 17.3762 
Protein x copper 6 8.3055 
Error 11 16.0845 
Total 23 11.9705 
^Abbreviations = C, casein, SBM, soybean meal; D, drackett; and 
FF, fish flour. 
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Table 23. Experiments 1158, 1158A and 1158B - Summary of gain and feed 
required per pound of gain 
Treatment 
Cu (ppm) 0 250 500 Average 
Protein source Gain (lb.) 
Soybean meal 24.38 21.50 17.25 
5.85 4.65 4.42 
7.50 13.12 3.00 11.29 
Purified soy protein 8.75 11.25 8.75 
6.48 8.52 6.40 
4.25 6.25 2.88 7.06 
Casein 4.75 4.25 4.62 
0.62 1.48 2.72 
4.75 5.50 1.75 3.38 
Average 7.48 8.50 
Feed/gain 
5.75 
Soybean meal 1.67 1.74 1.95 
2.22 3.09, 2.74 
2.20 1.72 4.04 2.37 
Purified soy protein 2.76 2.07 2.33 
2.28 1.88 2.10 
3.09 2.74 4.30 2.62 
Casein 3.18 3.44 3.11 
13.40 7.29 3.94 
3.05 2.59 5.14 5.02 
Average 3.76 2.95 3.29 
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Table 24. Experiments 1158A, 1158B and 1158C - Analysis of variance 
for gain and feed required per pound of gain 
Mean squares 
Source of variation d, ,f, Gain Feed/gain 
Replication 2 136.9674* 7.8479 
Treatment 8 42.2610 6.3927 
Copper 2 17.3615 1.4876 
0 vs. 250 and 500 1 .7467 2.4448 
250 vs. 500 1 33.9763 .5304 
Protein0 2 141.1726* 19.1832b 
SBM vs. C and PSP 1 221.5148* 12.4704 
C vs. PSP 1 60.8305 25.8960b 
Copper x protein 4 5.2548 2.4499 
Error 16 16.6133 4.7988 
Total 26 33.7629 5.5238 
^Significant effect at P = .01 or less. 
^Significant effect at P = .05 or less. 
^Abbreviations = SIM, soybean meal; C, casein; and PSP, purified soy 
protein. 
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Table 25. Experiments 1158, 
and hematocrit 
1158A and 1158B - Summary of hemoglobin 
Treatment 
Cu (ppm) 0 250 500 Average 
Protein source Hemoglobin (gm 
, 
Soybean meal 10.0 7.8 6.3 
9.9 9.0 7.4 
8.4 8.0 10.1 8.5 
Purified soy protein 9.3 9.1 6.6 
9.1 9.3 9.0 
11.0 10.2 10.7 9.4 
Casein ' 9.5 9.0 7.6 
12.4 11.2 10.8 
12.0 9.6 7.8 10.0 
Average 10.2 9.2 
Hematocrit (%) 
8.5 
Soybean meal 36 32 22 
28 28 22 
30 30 32 29 
Purified soy protein 32 35 24 
30 32 30 
36 34 36 32 
Casein 29 32 27 
37 
- 
34 
33 
38 36 28 33 
Average 33 32 28 
128 
Table 26. Experiments 1158, 1158A and 1158B - Summary of ceruloplasmin 
Treatment 
Cu (ppm) 0 250 500 Average 
Protein source 
Soybean meal 19.12 16.92 13.24 
6.98 20.96 10.29 
27.20 17.65 22.06 17.16 
Purified soy protein 19.61 26.47 19.85 
6.62 8.82 12.13 
27.94 33.33 26.47 20.14 
Casein 15.68 18.38 15.44 
17.65 19.48 15.81 
42.64 25.73 30.88 22.41 
Average 20.38 20.86 18.46 
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Table 27. Experiments 1158A, 1158B and 1158C - Analysis of variance 
for hemoglobin, ceruloplasmin and hematocrit 
Mean squares 
Source of variation d.f, Hemoglobin Hematocrit Ceruloplasmin 
Replication 2 6.0234* .0031 524.7467 
Treatment 8 3.0992 .0026 27.2875 
Copper 2 6.5234* .0061* 14.4816 
0 vs. 250 and 500 1 10.4017* .0038 3.1152 
250 vs. 500 1 2.6450 .0084* 25.8480 
Protein*3 2 4.7244 .0038 62.4438 
SBM vs. C and PSP 1 7.7067* .0074* 101.6542 
C vs. PSP 1 1.7422 .0001 23.2335 
Copper x protein 4 0.5744 .0002 16.1123 
Error 16 1.4588 _.0014 33.3766 
Total 26 2.3146 .0019 69.3007 
^Significant effect at P = .05 or less. 
^Abbreviations = SBM, soybean meal; C, casein; and PSP, purified soy 
protein. 
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Table 28. Experiment 6337 - Summary of gain and feed required per pound 
of gain 
Copper 
Soybean meal Casein 
0 250 500 0 250 500 
Replication Gain (lb.) 
1 10.1* 8.8 6.7 11.0 2.3 5.5 
2 12.5 16.6 8.4 12.9 6.6 7.5 
3 7.6 10.4 10.5 6.2 10.6 6.7 
4 16.7 14.6 17.3 9.0 7.9 6.1 
5 10.8 12.7 8.6 3.2 8.5 5.2 
6 19.5 20.3 9.0 11.8 12.5 11.1 
Average 12.9 13.9 10.1 9.0 8.1 7.0 
Feed/gain. 
1 2.46* 2.19 2.39 2.28 4.30 2.64 
2 1.74 1.81 2.70 1.84 2.32 2.69 
3 2.53 2.36 2.15 2.74 2.25 3.31 
4 1.91 1.86 1.71 2.39 2.71 3.05 
5 2.50 2.43 2.15 4.66 2.34 4.40 
6 1.55 1.66 2.27 1.86 1.96 2.09 
Average 2.12 2.05 2.23 2.63 2.65 3.03 
^Calculated missing value. 
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Table 29. Experiment 6337 - Analysis of variance for gain and feed 
Required per pound of gain 
Mean squares 
Source of variation d.f. Gain Feed/gain 
Replication 5 38.7798* 1.0598 
Treatments 5 44.2672* .8723% 
Soybean vs. casein 1 162.5625* 3.6481* 
Copper levels 2 23.2858 .2904 
Linear 1 34.3204 .3978 
Quadratic 1 12.2512 .1830 
Interaction 2 6.1008 .0663 
Error 24 9.0255 .3702 
Total 34 18.5838 .5454 
^Significant effect at P = .01 or less. 
^Significant effect at P = .05 or less. 
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Table 30. Experiment 6337 - Summary of hemoglobin and ceruloplasmin 
Soybean meal Casein 
Copper 0 250 500 .0 250 500 
Replication Hemoglobin (gm. %) 
1 13.2* 9.0 7.1 13.0 10.9 10.0 
2 11.5 10.9 6.9 13.0 8.0 6.8 
3 12.0 10.2 8.5 14.4 12.2 9.2 
4 16.5 6.5 7.2 12.9 8.0 9.0 
5 10.9 7.2* 5.6 10.7 8.0 7.8 
6 12.0 9.2 7.3 12.1 10.4 11.4 
Average 12.7 8.8 7.1 12.7 9.6 9.0 
Ceruloplasmin (units/100 ml.) 
1 18.5* 15.0 12.8 37.1 18.6 14.4 
2 23.7 23.7 19.0 26.9 17.2 22.6 
3 14.6 20.4 14.0 37.0 27.0 16.9 
4 21.4 14.0 21.1 24.5 13.7 19.3 
5 16.6 20.0* 22.2 22.6 20.7 23.4 
6 20.4 21.9 8.4 25.7 11.9 16.6 
Average 19.2 19.2 16.2 29.0 18.2 18.9 
^Calculated missing value. 
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Table 31. Experiment 6337 - Analysis of variance for hemoglobin and 
ceruloplasmin 
Mean squares 
Source of variation d.f. Hemoglobin Ceruloplasmin 
Replication 5 5.4223 19.1478 
Treatments 5 30.3343* 120.3791* 
Soybean vs. casein 1 7.2003 129.9600b 
Copper levels 2 69.3853* 146.1453* 
Linear 1 127.8817* 255.4538* 
Quadratic 1 10.8889b 36.8368 
Interaction 2 2.8502 89.8225b 
Error 23 2.1418 25.7871 
Total 33 6.9104 39.1133 
^Significant effect at P = .01 or less. 
^Significant effect at P = .05 or less. 
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Table 32. Experiment 6310 - Summary of gain and feed required per 
pound of gain 
Treatment 
Copper (ppm) 0 250 500 0 250 500 0 250 500 
Stilbestrol (mg/day) 0 0 0 .60 60 60 0 0 0 
Estrone (mg/day) 0 0 0 0 0 0 120 120 120 
Replication Gain (lb.) 
1 20.1 21.2 12.0 16.9 16.0 16.8 17.9 21.7 10.4 
2 20.6 24.2 16.8 22.2 21.6 14.5 19.9 20.8 11.9 
Average 20.3 22.7 14.4 19.6 18.8 15.6 18.9 21.2 11.1 
Feed/gain 
1 1.78 1.77 2.32 1.82 1.76 1.68 1.74 1.61 1.87 
2 1.60 1.57 1.50 1.54 1.84 1.63 1.58 1.60 1.73 
Average 
1 
1.69 1.67 1.91 1.68 1.80 1.66 1.66 1.60 1.80 
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Table 33. Experiment 6310 - Analysis of variance for gain* 
Source of variation d.f. Mean squares 
Outcome group 7 44.6239 
Replication 1 78.3334 
Outcome group/replication 6 39.0057 
Treatment 8 105.3507b 
Levels of copper 2 347.0376b 
Linear 1 417.1302b 
Quadratic 1 276.9451b 
No estrogen vs. estrone and stilbestrol 1 36.2003 
Estrone vs. stilbestrol 1 10.0833 
Copper x estrogen interaction 4 25.6116 
Outcome group x treatment 55 23.0892 
Replication x treatment 8 15.4163 
Outcome group/replication x treatment 47 24.3952 
Total 70 34.6440 
*Tne analysis was computed on an individual pig basis. 
^Significant effect at P = .01 or less. 
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Table 34. Experiment 6310 - Analysis of variance for feed required per 
pound of gain 
Source of variation d. f. Mean squares 
Replication 1 .1721 
Treatment 8 .0187 
Levels of copper 2 .0220 
No estrogen vs. estrone + stilbestrol 1 .0128 
Estrone vs. stilbestrol 1 .0016 
Copper x estrogen interaction , 4 .0228 
Replication x treatment 8 .0333 
Total 17 .0346 
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Table 35. Experiment 6310 - Summary of ceruloplasmin and hemoglobin levels 
Treatment 
Copper (ppm) 
Stilbestrol (mg/day) 
Estrone (mg/day) 
0 
0 
0 
250 
0 
0 
500 
0 
0 
0 250 
60 60 
0 0 
500 
60 
0 
0 
0 
120 
250 
0 
120 
500 
0 
120 
Replication Ceruloplasmin 
1 15.0 19.7 14.3 17.9 18.9 14.9 18.6 13.0 16.1 
2 16.7 15.1 13.0 18.1 20.4 16.4 15.2 14.9 10.6 
Average 15.6 17.4 13.6 18.0 19.6 
Hemoglobin 
15.6 16.9 14.0 13.4 
1 10.0 9.7 6.0 9.4 9.9 6.8 10.0 10.4 6.4 
2 9.5 11.0 7.3 10.4 10.1 7.9 10.9 9.5 7.2 
1 
Average 9.8 10.4 6.6 9.9 10.0 7.4 10.4 10.0 6.8 
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Table 36. Experiment 6310 - Analysis of variance of hemoglobin 
Source of variation d.f. Mean squares 
Outcome group 7 2.0365* 
Replication 1 5.5555* 
Outcome group/replication 6 1.4500 
Treatment 8 19.9071b 
Levels of copper 2 77.3143b 
Linear 1 113.7752b 
Quadratic 1 40.8534b 
No estrone vs. estrone + stilbestrol 1 .5017 
Estrone vs. stilbestrol 1 .0019 
Copper x estrogen interaction 4 1.0312 
Outcome group x treatment 55 .9075 
Replication x treatment 8 1.3071 
Outcome group/replication x treatment 47 .8395 
Total 70 3.1918 
^Significant effect at P = .05 or less. 
^Significant effect at P = .01 or less. 
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Table 37. Experiment 6310 - Analysis of variance for ceruloplasmin 
Source of variation d.f. Mean squares 
Ourcome groups 7 30.2132 
Replication 1 17.5035 
Outcome groups/replication 6 32.3314 
Treatment 8 • 36.1065 
Levels of copper 2 56.1043 
500 vs. 250 and 0a 1 112.1834% 
250 vs. 500 1 .0252 
Stilbestrol vs. estrone + no estrogen 1 116.2802% 
Estrone vs. no estrogen 1 65.3333 
Outcome group x treatment 55 26.5792 
Replication x treatment 8 19.3075 
Outcome group/replication x treatment 47 27.8170 
Total 70 28.0315 
a0, 250 and 500 are ppm copper in the diet. 
^Significant effect at P = .05 or less. 
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Table 38. Experiment 6334 - Summary of gain and feed required per 
pound of gain 
Treatment 
Copper (ppm) 0 250 500 0 250 500 0 250 500 
Estrone (mg/day) 0 0 0 120 120 120 0 0 0 
Stilbestrol (mg/day) 0 0 0 0 0 0 60 60 60 
Replication Gain (lb.) 
1 33.1 36.1 28.8 37.1 32.4 25.5 30.4 34.5 24.9 
2 30.9 30.6 21.5 35.2 35.0 21.5 27.1 39.8 20.4 
Average 32.0 33.4 25.1 36.2 33.7 23.5 28.8 37.1 22.6 
Feed/gain 
1 1.59 1.84 1.60 1.80 1.46 1.82 1.62 1.78 1.79 
2 1 
1.78 1.65 1.83 1.75 1.68 1.75 1.62 1.46 1.93 
Average 1.68 1.74 1.72 1.78 1.57 1.78 1.62 1.62 1.86 
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Table 59. Experiment 6334 - Analysis of variance for gain 
required per pound of gain 
and feed 
Mean squares 
Source of variation d.f. Gain Feed/gain 
Replication 1 23.9201 .0013 
Treatment 8 59.8153* .0175 
Copper 2 199.6010* .0312 
0 vs. 250 and 500 1 37.7405 .0020 
250 vs. 500 1 361.4616* .0602 
Estrogen 2 3.9968 .0004 
None vs. estrogen 1 .0881 .0004 
Estrone vs. stilbestrol 1 7.9056 .0003 
Copper and estrogen interaction 4 17.8316 .0192 
Error 8 7.7994 .0188 
Total 17 33.2258 .0171 
Significant at P = .01 or less. 
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Table 40. Experiment 6334 - Summary of ceruloplasmin and hemoglobin levels 
Treatment 
Copper (ppm) 0 250 500 0 250 500 0 250 500 
Estrone (mg/day) 0 0 0 120 120 120 0 0 0 
Stilbestrol (mg/day) 0 0 0 0 0 0 60 60 60 
Replication Ceruloplasmin 
1 32.9 28.5 23.5 32.0 29.0 25.0 32.1 27.1 24.9 
2 29.3 21.8 22.6 28.0 27.9 18.9 35.2 25.0 21.0 
Average 31.1 25.2 23.0 30.0 28.5 22.0 33.6 26.0 23.0 
Hemoglobin (gm. %) 
1 10.2 9.4 7.1 11.4 9.9 6.4 11.4 8.2 7.2 
2 11.9 10.0 7.7 10.7 10.5 7.4 11.7 10.1 7.2 
Average 11.0 9.7 7.4 11.0 10.2 6.9 11.6 9.2 7.2 
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Table 41. Experiment 6334 - Analysis of variance for ceruloplasmin and 
hemoglobin 
Mean squares 
Source of variation d.f. Ceruloplasmin Hemoglobin 
Replication 1 35.4482* 2.000* 
Treatment 8 33.3889% 6.4830% 
Copper 2 140.0735% 25.0872% 
0 vs. 250 and 500 1 194.5560% 31.1736% 
250 vs. 500 1 45.5910* 19.0008% 
Estrogen 2 1.8752 .0138 
None vs. estrogen 1 2.0928 .0069 
Estrone vs. stilbestrol 1 1.6576 .0208 
Copper and estrogen interaction 4 5.8034 .4156 
Error 8 4.4700 .3225 
Total 17 19.9012 3.3202 
^Significant effect at P = .05 or less. 
^Significant effect at P = .01 or less. 
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Table 42. Experiment 6320 - Summary of gain and feed required per pound 
of gain 
Treatment 
Copper (ppm) 0 125 250 0 125 250 0 125 250 
Manganese (ppm) 0 0 0 1000 1000 1000 2000 2000 2000 
Replication Gain (lb.) 
1 32.2 25.2 31.5 31.4 25.9 26.6 23.8 28.8 29.6 
2 35.0 35.4 29.5 34.5 38.2 35.6 35.1 31.1 33.0 
Average 33.6 30.3 30.5 32.9 32.1 31.1 29.4 29.9 31.3 
Feed/gain 
1 1.88 1.98 1.96 1.73 2.03 1.85 2.00 1.95 1.73 
2 1.93 1.96 1.88 1.87 1.82 2.01 1.86 1.93 1.69 
Average 1.90 1.97 1.92 1.80 1.92 1.93 1.93 1.94 1.71 
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Table 43. Experiment 6320 - Analysis of variance for gain 
Source of variation d. f. Mean squares 
Outcane group 
Replication 
Outcome group/replication 1 
Treatment 
Copper levels 
Linear 
Quadratic 
Manganese levels 
Linear 
Quadratic 
Copper x manganese 
Outcane group x treatment 
Replication x treatment 
Outcane group/replication x treatment 
Total 
1 
6 
1 
1 
1 
1 
56 
8 
48 
71 
140.6349 
612.5000 
61.9907 
15.6172 
10.3854 
12.5052 
8.2656 
20.6562 
18.7500 
22.5625 
15.7136 
46.8950 
49.5391 
46.4543 
52.6127 
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Table 44. Experiment 6320 - Analysis of variance for feed required 
per pound of gain 
Source of variation d. f. Mean squares 
Replication 1 .0014 
Treatment 8 .0137 
Copper levels 2 .0134 
Linear 1 .0019 
Quadratic 1 .0251 
Manganese levels 2 .0080 
Linear 1 .0154 
Quadratic 1 .0005 
Copper x manganese 4 .0168 
Error 8 .0073 
Total 17 .0100 
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Table 45. Experiment 6320 - Summary of ceruloplasmin level 
Treatment 
Copper (ppm) 0 125 250 0 125 250 0 125 250 
Manganese (ppm) 0 0 0 1000 1000 1000 . 2000 2000 2000 
Replication 
1 18.7 16.5 19.2 19.2 16.2 16.6 14.2 17.1 14.5 
2 16.0 26.9 27.1 26.9 27.0 27.4 27.2 28.2 29.4 
Average 17.4 21.7 23.2 23.0 21.6 22.0 20.7 22.6 22.0 
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Table 46. Experiment 6320 - Analysis of variance for ceruloplasmin^ 
Source of variation d.f. Mean squares 
Outcome group 7 262.3962b 
Replication 1 1573.6050b 
Outcome group/replication 6 43.8614 
Treatment . 8 24.4169 
Copper levels 2 25.4652 
Linear 1 44.0823 
Quadratic 1 6.8469 
Manganese levels 1 2 13.1552 
Linear 1 13.2300 
Quadratic 1 13.0803 
Copper x manganese 4 29.5237 
Outcome group x treatment 55 29.4085° 
Replication x treatment 8 50.7709 
Outcome group/replication x treatment 47 25.7724 
Total 70 52.1368 
aThe analysis was computed on an individual pig basis. 
^Significant effect at P = .01 or less. 
°This was used as error term. 
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Table 47. Experiment 6340 - Summary of gain and feed required per pound 
of gain 
Copper source3- Control CuCOg Cu-Met. CuS04 
Replication Gain (lb.) 
1 33.0 32.3 34.9 32.9 
2 28.2 36.0 36.4 37.7 
3 29.2 27.2 34.0 30.2 
4 20.9 30.5 27.7 29.5 
5 28.1 37.2 37.3 36.2 
Average 27.9 32.6 34.1 33.3 
Feed/gain 
1 1.71 1.78 1.65 1.57 
2 1.90 1.76 1.69 1.72 
3 2.05 1.87 1.53 1.77 
4 1.70 1.76 1.71 1.64 
5 1.85 1.77 1.68 1.78 
Average 1.84 1.79 1.65 1.70 
Control, no added copper; CuCO?, copper carbonate; Cu-Met., copper 
methionine; CÔSQ4, copper sulfate; all three copper sources added at level to 
give 250 ppm copper. 
ISO 
Table 48. Experiment 6340 - Analysis of variance for gain and feed 
required per pound of gain 
Mean squares 
Source of variation d.f. Gain Feed/gain 
Replication 4 42.4696* .0111 
Treatment 3 38.9324b ,0372b 
1 vs. 2 + 3 + 4C 1 111.6570% ,0634b 
2 vs. 3+4 1 3.6192 .0433b 
3 vs. 4 1 1.5210 .0048 
Error 12 6.8094 .0084 
Total 19 19.3889 .0135 
^Significant effect at P = .01 or less. 
^Significant effect at P = .05 or less. 
C1 = control, 2 = copper 
4 = copper sulfate. 
carbonate, 3 = copper methionine, and 
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Table 49. Experiment 6340 - Summary of hemoglobin and ceruloplasmin 
Copper source* Control CuC03 Cu-Met, C11SO4 
Replication Gain (lb.) 
1 10.9 11.4 11.0 11.0 
2 11.6 11.2 11.1 11.5 
3 11.8 11.4 12.4 11.7 
4 10.0 10.8 10.5 10.4 
5 8.8 11.7 11.7 12.3 
Average 10.6 11.3 11.3 11.4 
Feed/gain 
1 29.3 28.1 30.4 27.2 
2 21.2 25.7 26.5 25.6 
3 19.6 15.9 21.5 21.5 
4 21.3 21.8 23.1 19.6 
5 23.6 23.1 19.9 19.5 
Average ' 23.0 22.9 24.3 ' 22.7 
aControl, no added copper; CuCO,, copper carbonate; Cu-Met., copper 
methioning; CuSO^, copper sulfate; all three copper sources added at level 
to give 250 ppm copper. 
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Table 50. Experiment 6340 - Analysis of variance for ceruloplasmin 
and hemoglobin 
Mean squares 
Source of variation d.f. Hemoglobin Ceruloplasmin 
Replication 4 1.0270 51.8310* 
Treatment 3 .6533 2.5142 
1 vs. 2 + 3 + 4b 1 1.9440 .3511 
2 vs. 3 + 4 1 .0120 .9505 
3 vs. 4 1 .0040 6.2410 
Error 12 .5550 4.7363 
Totals 19 .6699 14.3001 
^Significant effect at P = .01 or less. 
bl = control, 2 = copper carbonate, 3 = copper methionine, and 
4 = copper sulfate. 
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Table 51. Experiment 6340 - Summary of copper storage in the liver (ppm) 
Treatment 
Control Cu-Met CuSO^ 
Replication 
1 106 281 59 
2 83 160 157 
3 108 40 369 
4 72 112 104 
5 128 187 71 
Average 93 156 152 
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Table 52. Experiment 6340 - Analysis of variance for liver copper storage 
Source d.f. Mean squares 
Replication 4 2452.9333 
Treatment 2 6140.6000 
Error 8 11308.6833 
Total 14 8040.1714 
